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PREFACE. 


A MONGST  the  various  branches  of  fcience  fludled 
in  our  academies,  and  places  of  public  cduca" 
tion,  there  are  few  of  greater  importance  than  that  of 
the  Ufe  of  the  Globes.  The  earth*  is  our  deftined 
habitation,  and  the  heavenly  bodies  meafure  our 
days  and  years  by  their  various  revolutions.  With- 
out fomc  acquaintance  with  the  different  tra£ls  of 
land,  the  oceans,  feas,  Sre,  on  the  furface  of  the  ter- 
reftrial  globe,  no  intercourfe  could  be  carried  on  with 
the  Inhabitants  of  diflant  regions,  and  confequently 
their  manners,  cudoms.  See,  would  be  totally  un- 
known to  us.  Though  the  different  trails  of  land, 
&c.  cannot  be  fo  minutely  deferibed  on  the  furface 
of  a terreftrial  globe  as  on  different  maps  ; yet  the 
globe  (hews  the  figure  of  the  earth,  and  tlie  relative 
fituatlons  of  the  principal  places  on  its  furface,  more 
corre£lly  than  a map.  Had  the  ancients  paid  no 
attention  to  the  motions  of  the  heavenly  bodies,  hif- 
torlcal  fafts  would  have  been  given  without  dates, 
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and  we  fhould  have  had  neither  dials,  clocks,  nor 
watches.  To  the  celeflial  obfervations  of  Eudoxus, 
Hipparchus,  See.  we  are  indebted  for  the  knowledge 
of  the  preceflion  of  the  equinoxes.  Without  fome 
acquaintance  with  ihe  celeflial  bodies  our  ideas  of  the 
power  and  wifdom  of  the  Creator  would  be  greatly 
circumfcribcd  and  confined.  The  learned  and  pious 
Dr.  Watts  obferves,  “What  wonders  of  wifdom  are 
“ feen  in  the  exa£l  regularity  of  the  revolutions  of 
“ the  heavenly  bodies  ! Nor  was  there  ever  any  thing 
“ that  has  contributed  to  enlarge  my  apprehenfions  of 
“ the  immenfe  power  of  God,  the  magnificence  of 
**  his  creation,  and  his  own  tranfeendent  grandeur, 
“ fo  much  as  the  little  portion  of  aftronomy  which  I 
“ have  been  able  to  attain.  And  I would  not  only 
“ recommend  it  to  young  fludents,  for  the  fame  pur- 
“ pofes,  but  I would  perfuade  all  mankind,  if  It  were 
“ polfible,  to  gain  fome  degree  of  acquaintance  with 
“ the  vaftnefs,  the  diflances,  and  the  motions  of  the 
“ planetary  worlds,  on  the  fame  account  ” 

Dr.  Young  in  his  Night  Thoughts  fays. 

An  undevout  aflronomer  Is  mad.”  , 

There  is  fcarcely  a^  writer  on  .the  different  branches 
.of  education  who  has  not  exprefsiy  recommended  the 
fludy  of  the  globes.  Milton  obferves  that  “ Ere  half 
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**  the  fchool-authors  be  read,  It  will  be  feafonable 
“ for  youth  to  learn  the  ufe  of  the  globes.’'  Yet 
notwlthftanding  the  importance  of  the  fubje£l,  it  is 
entirely  negle£led  in  our  public  fchools  : and  in  many 
of  our  private  academies  it  has  been  frequently  im_ 
perfectly  taught;  probably  for  want  of  a treatifc ^ 
fufficiently  comprehenfive  in  its  obje£f,  and  illullrated 
by  a fuitable  number  of  examples. 

There  are  feveral  treatifes  on  the  globes  extant,  but 
they  have  been  chiefly  written  by  mathematical  in- 
flrument  makers*,  or  by  teachers  unacquainted  wItH. 
mathematics.  The  works  of  the  former  mufl  be  de- 
fe£Hve  for  want  of  pra£fice  in  the  art  of  teaching  ; 
and  many  of  the  produeSHons  of  the  latter  are  too 
puerile  and  trifling  to  be  introduced  into  a refpedlable 
academy.  Youth  learn  nothing  effedlually  but  by 
frequent  repetition  ; a multiplicity  of  examples  there- 
fore becomes  abfolufely  necellary  : but  thefe  examples, 
fhould  be  fo  varied,  and  the  mode  of  propofing  the 
queftions,  fo  diverfified  as  to  give  the  fcholar  room 
for  the  exertion  of  his  faculties,  or  otherwife  no  im- 
preflion  will  remain  on  his  mind.  Treatifes  on  the 


• The  addition  of  a few  wire*,  a femieircle  of  brafs,  a particular  kind 
of  hour  circle,  See.  which  are  of  no  other  ufe  on  the  globe  than  to  enhance 
the  price  thereof,  has  generally  been  a fulficient  inducement  for  the 
iiiitruinent  maker  to  publi-Ti  a treatile  explanatory  of  Uie  ufe  of  fud\ 
addition. 
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globes  are  generally  either  without  any  pra£iical  ex-  ‘ 
ercifes,  or  the  exercifts  fo  fimilar,  that  when  the 
pupil  has  finilhed  one  of  them,  the  reft  may  be  per- 
formed without  the  trouble  of  thinking.  Examples 
of  this  kind  may  ferve  to  pafs  away  the  time,  but 
they  will  never  inftrudl;  the  fcholar. 

Had  any  mathematical  writer  of  note  furnifiied  the 
ftudent  with  a treatlfe  on  the  globes,  the  following 
work  would  probably  have  never  appeared  j but  it 
rarely  happens  that  the  man  of  fcience,  whofe  whole 
time  is  employed  in  abftrufe  refearches,  will  ftoop  . 
to  the  humble  talk  of  accommodating  himfelf  to  the 
capacity  of  a learner.  To  a man  in  the  habit  of  con- 
templating the  writings  of  a Newton,  or  travelling  in 
the  dry  and  difficult  paths  of  abftrafl  knowledge,  a 
'treatife  on  the  globes  is  a mere  play-thing,  a trifle  not 
worth  notice  ; as  at  one  glance  he  fees  and  compre- 
hends every  problem  that  can  be  performed  by  them. 
Such  a man  would  acquire  no  credit  by  writing  a 
Treatife  on  the  Globes  j for,  notwithftanding  the  uti- 
lity of  the  fubjedl,  its  ftmplicity  would  leave  no  room 
for  him  .to  difplay  his  abilities  5 the  talk  therefore, 
neceflarily,  devolves  on  wTiters  of  a more  humble 
rank. 

The 
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The  cnfuitiw  treatife  has  been  formed  entirely  from 
the  pradlice  of  InftrutSfion,  and  is  arranged  in  the  fol- 
lowing order. 

Part  I.  The  contents  of  this  part  are  enumerated! 
in  the  firll  page  of  the  work.  The  definitions  are 
very  extenfive,  and,  it  is  hoped,  fufficiently  plain  and' 
clear.  Where  the  name  of  any  ancient  author  occurs, 
the  time  in  which  he  flourilhed,  and  his  country,  are 
generally  mentioned  in  a note  ; this  pradfice  is  fol- 
lowed throughout  the  book.  -The  table  of  climates 
has  been  newly  calculated,  and  the  principle  of  cal- 
culation is  given  at  full  length.  The  firll  chapter 
likewife  contains  a table  of  the  conftellations,  with 
the  fabulous  hiflory  of  feveral  of  them  j the  Greek 
alphabet,  &c.  If  the  definitions,  geographical  theo- 
rems, See.  in  this  chapter  be  well  explained  by  the 
tutor,  it  is  prefumed  tliat  the  fcholar  will  derive  coa- 
Cdfirable  advantage.  The  fecond  chapter  contains  the' 
general  properties  of  matter,  and  the  laws  of  motion, 
as  preparatory  to  the  reading  of  the  third  and  fourth 
chapters  ; which  would  otherwife  be  lefs  intelligible.- 
To  the  third  and  fourth  chapters  are  added  fome  ufeful 
notes,  which  ought  to  be  attended  to  by  thofe  fludents 
who  are  acquainted  with  arithmetic.  The  fifth  chap-- 
ter  treats  of  fprings,  rivers,  and  the  faltnefs  of  the 
fea;  ih.<sfixth  of  the  tides  j and  the  fiventh  of  earth* 
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quakes,  &c.  with  their  cft'e£ts  and  caufes. ' The 
eighth  chapter  contains,  in  a fmall  compafs,  the  prin- 
cipal theories  of  the  earth.  Thfe  fubjeft  of  the  7iinth 
chapter  is  the  atmofphere,  and  of  the  lenthj  meteoro- 
logy. From  each  of  thefe  chapters,  it  is  hoped,  the 
ftudent  will  derive  feme  ufeful  information. 

It  has  not  been  ufual  to  introduce  fcveral  of  the 
aforefaid  fubjefis  into  a Treatife  -on  the  Globes. 
An  intelligent  reader  will,  however,  readily  admit 
them  to  be  lefs  extraneous,  equally  entertaining,  and 
more  inftru6live  than  feraps  of  poetry,  hiftorical 
anecdotes,  &c.  with  which  fome  of  our  Treatifes  on 
the  Globes  abound.  Poetical  feraps  feldom  elucidate 
either  mathematical  or  philofophical  fubje£ls,  and 
generally  divert  the  attention  of  the  ftudent  from  the 
main  objeifl  of  his  purfuit. 

Part  II.  This  part  comprehends  the  folar  fydem, 
and  fuch  other  parts  of  aftronomy  as  are  abfolutely 
ncceflary  to  be  clearly  underftood  by  the  young  ftu- 
dent before  he  attempts  to  folve  ma’^y 
blems  in  the  fucceeding  parts  of 
obje6l  in  learning  the  Ufe  of  the  Glob  " 
illuftrate  fome  of  the  moft  important  branene*?'.^'^ 
g,eography  and  aftronomy  ; and  this  objecfl  cannot  be 
attained  by  merely  twirling  the  globe  round  and 
working  a few  problems,  without  underftanding  the 
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principles  on  whicli  their  folutions  are  founded.  Lef- 
fons  thoroughly  explained  and  clearly  underftood,. 
make  a lading  imprelTion  on  the  ftudent’s  memory, 
and  will  enable  him,  not  only  to  folve  fuch  problems 
as  he  may  meet  with  in  books  on  the  Globes,  but  to 
frame  feveral  new  problems  himfelf,  and  to  fblve 
others  which  he  never  heard  of  before. 

In  the  notes  attached  to  this  part  of  the  following 
work,  the  diltances,  magnitudes,  Sec.  of  the  planets 
are  all  accurately  calculated.  This  laborious  tafic  the 
author  would  gladly  have  avoided,  but  he  found  the 
accounts  of  the  dillances,  magnitudes.  See.  of  the 
planets  fo  variable  and  contradi£lory,  even  in  aftro- 
nomical  works  of  repute,  and  frequently  in  the  fame 
author,  that  he  conceived  fuch  notes  as  he  has  intro- 
duced would  be  very  ufcful  to  a learner. 

Part  III.  Contains  an  extenfive  colleclion  of 
Problems  i illuftrated  by  a great  number  of  ufeful 
examples,  many  of  which  are  elucidated  with  notes, 
of  confiderable  importance. 

Part  IV.  Comprehends  a mifcellaneous  fele£Iioa 
of  Problems,  Queftions  for  the  examination  of  the 
fludent,  &c.  together  with  an  extenfive  table  of  the 
latitudes  and  longitudes  of  places.  This  table  will 
be  found  to  be  more  correft  than  the  generality  of 
tables  of  a fimilar  nature.  , , 
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To  CoMCLUDK.  The  author  apprehends  that  he 

has  omitted  nothing  of  Importance  that  particularly 

✓ 

relates  to  the  fubjedf,  and  he  hopes,  at  the  fame  time, 
that  this  work  will  be  found  to  contain  little  or, no 
extraneous  matter.  He  has  endeavoured  to  fupply 
the  young  ftudent  with  a Treatife  on  the  Globes, 
which  may  not  be  unworthy  of  attention,  as  a W'ork 
of  fcience,  yet  fufTiciently  plain  and  intelligible.  He 
is  aware  that  the  w'ork  would  have  been  preferred  by 
many  teachers  (on  account  of  its  cheapnefs)  had  all 
the  matter  from  page  39  to  165  been  left  out,  as 
it  would  then  have  contained  the  mere  definitions  and 
problems  ; yet  in  this  ftate  (though  it  would  have 
been  more  comprehenfive  than  almoft  any  other  Trea^* 
tife)  it  would  certainly  have  been  very  defe£Hve.  To 
thofc  who  mayobjeft  to  the  fmaRnefs  of  the  type,  the 
author  has  to  obferve,  that  had  the  w’ork  been  printed 
on  the  fame  fized  type  as  Adams’,  &c.  it  would  have 
made  a vcrylargc  volume  in  oftavo,  conlifling  of  at 
Jeaft  fix  hundred  pages  j and  the  purpofes  for  w^hich 
it  is  defigned  would  have  been  completely  defeated  j 
the  price  doubled,  and  the  book,  from  its  fize  ren- 
dered lefs  convenient  and  ufeful, 
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From  the  favourable  reception  which  the  lirfl  edi- 
tion of  this  work  has  met  with,  the  author  has  been 
induced  to  revife  the  whole  with  the  greateft  care. 
A new  plate  has  been  delineated,  flaewing  the  path, 
of  the  planet  Jupiter  in  the  zodiac,  for  the  year.  i8i  i, 
together  with  the  conflellations  and  principal  flars, 
through  wnich  he  paffis,  agreeably  to  their  appearance 
in  the  Heavens.  Delineations  of  this  kind  will  not 
only  prove  amufing,  but  inftruftive  to  the  fcholar  y 
they  give  a more  correft  idea  of  the  relative  fituations 
of  the  liars  than  a globe,  which  is  a convex  furface^ 
whereas  the  apparent  furface  of  the  heavens  is 
concave  ; hence,  thofe  liars  which  appear  towards  the 
right-hand  on  the  furface  of  the  cclellial  globe, 
will  be  feen  on  the  left-hand  in  the  heavens,  and  the 
contrary. 

By  laying  down  on  paper  all  the  principal  con- 
llellations  frou  the  celellial  globe,  as  diredled  in 
problem  Cil ; rejedling  luch  liars  as.  are  fmaller  than 
thofe  of  the  fourth  magnitude,  and  thofe  conftellations, 
which  do  not  come  above  the  horizon,  the  young 
Undent  will  foon  render  the  appearance  of  the  heavens, 
familiar  to  him. 

Norfolk-Sti eet,  Firzroy-Square, 

Lon;,on,  i8c8. 
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PART  I.  CONTAINING, 

I . Explanation  of  the  I/ines  on  the  artificial  Globes,  including 
Geographical  and  Afronomical  Eefnitions,  iflc, — 2.  The 
Properties  of  Matter  and  the  Lanus  of  Motion. — 3.  The 
Figure  and  Magnitude  of  the  Earth. — \.The  Diurnal  and 
Annual  Motion  of  the  Earth. — 5.  The  Origin  of  Springs  and 
Rivers,  and  of  the  Saltnefs  of  the  Sea.-— 6.  The  Flux  and 
Refux  of  the  Tides. — 7.  The  natural  Changes  of  the  Earthy 
eaufed  by  Mountains,  Floods,  V olcanoes,  and  Earthquakes , 
— 8.  Hypothefes  of  the  Antediluvian  World,  and  the  Caufe 
of  NoaFs  Flood. — 9.  The  Atmofphere,  Air,  Winds,  and 
Hurricanes. — lO.  Vapours,  Fogs  and  Mifls,  Clouds,  Devs' 
and  Hoar  Frof,  Snow  and  Hail,  Thunder  and  Lightning, 
Falling  Stars,  Ignis  Fatuus,  Aurora  Borealis,  and  the 
Rainbow. 


Chapter  I. 

Explanation  of  the  Lines  on  the  Artificial  Globes,  including 
Geographical  and  Aflronomical  Definitions  ; with  a few 
Geographical  Theorems. 

I.  Terrestrial  Globe  is  an  artificial  repre- 

X fentation  of  the  earth.  On  this  globe  the  four 
quarters  of  the  world,  the  different  empires,  kingdoms,  and 
countries  ; the  chief  cities,  feas,  rivers,  &c.  are  truly  repre- 
fented,  according  to  their  relative  fituation  on  the  real  globe 
of  the  earth.  The  diurnal  motion  of  this  globe  is  from 
weft  to  eaft. 


B 
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2 DEFINITIONS,  &C. 

2.  The  Celestial  Globe  is  an  artificial  rcprefenta- 
tion  of  the  heavens,  on  which  the  Itars  arc  laid  down  in  their 
natural  fituations.  The  diurnal  motion  of  tliis  globe  is  from 
call  to  weft,  and  reprefents  the  apparent  diurnal  motion  of 
the  fun,  moon,  and  ftars.  In  ufmg  this  globe  the  ftudent 
is  fuppofed  to  be  fituated  in  the  center  of  it,  and  viewing 
the  ftars  in  the  concave  furface. 

The  Ax;s  of  the  Earth  See  Plate  I.  * Figure  I. 
and  II.]  is  an  imaginary  line  pafTHig  through  the  centre  of 
it  upon  which  it  is  fuppofed  to  turn,  and  about  which  all 
the  heavenly  bodies  appear  to  have  a diurnal  revolution. 
This  line  is  reprefented  by  the  wire  which  paftes  from  north 
to  fouth,  through  the  middle  of  the  artificial  globe. 

■ 4.  The  Poles  of  the  Earth  are  the  two  extremities 
cf  the  axis,  where  it  is  fuppofed  to  cut  the  furface  of  the 
earth  ; one  of  which  is  called  the  north,  or  arclic  pole  ; the 
otlier  the  fouth,  or  antar£lu;  pole.  The  celeftial  poles  are 
two  imaginary  pofiits  f in  th^  .heavens,  exactly  above  the 
terreftrial  poles. 

5.  The  Brazen  Meridian  is  the  circle  in  ivhich  the 
artificial  globe  turns,  and  is  divided  into  360  equal  parts, 
called  degrees  J.  In  the  upper  femicirde  of  the  brais  me- 
rjdiau  thefe  degrees  are  numbered  from  o to  90,  from  the 
equator  towards  the  poles,  and  are  ufed  for  finding  the  lati- 
tudes of  places.  On  the  lower  femicirde  of  the  brafs  meridian 
they  are  numbered  from  o to  90  from  the  poles  towards  the 
equator,  and  are  uled  in  the  elevation  of  the  poles. 


* Figure  I.  reprefents  the  frariie  of  the  ^obc,  with  the  horizon,  brafs 
meridian,  and  axis  ; Figure  11.  the  globe  itfelf,  witli  the  lines  on  its  furface. 

•f  Thepole-ftar  is  a liar  of  the  fecond  magnitude,  near  the  north  pole, 
in  the  end  of  the  tail  of  the  I.ittle  Bear.  Its  mean  rigi  t afcenfion,  for 
tf\e  beginning  of  the  year  1804,  w.as  13'^  14' 43",  and  its  declination 
88"  15'  44"  north. 

Every  circle  is  fuppofed  to  he  divided  into  360  eqhal  parts,  called 
degrees,  each  degree  into  60  equal  parts  called  minutes,  each  -minute  into 
60  equal  parts  celled  feconds,  &c. : a degree  is  therefore  only  a relative 
idea,  and  not  an  abfolutc  quantity ,exccpt  when  applied  to  a great  circle  of 
the  earth,  as  to  the  equator  or  to  a meridian,  in  which  cafes  it  is  60  gco- 
grapliical  miles,  or  6^^  F.nglifh  miles.  A degree  of  a great  circle  in  tire 
heavens  is  a fpace  nearly  equal  to  twice  the  apparent  diamdter  of  the  fun ; 
or  to  twice  that  of  the  moon  when  confidcrably  elevated  above  the  horizon. 

6.  Great 
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6.  Great  Circles  dividAi  the  globs  into  two  equal 
parts,  as  the  equator,  ecliptic,  See. 

7.  Small  Circles  divide  the  glol>c  into  two  unequal 
parts,  as  the  tropics,  pol^r  circles,  parallels  of  latitude,  &c. 

8.  Meridians,  or  Lines  of  Longitude,  vee^  J'em'ic'trcUef 
extending  from  the  north  to' the  fonth  pole,  and  cutting  the 
equator  at  right  angles.  Ever}* *  place  upon  the  globe  is 
fuppofed  to  have  a meridian  pafTing  tlrrough  Jt,  though 
there  be  only  24  drawn  upon  the  tCrreftriaf  globe ) the  de- 
ficiency is  rupplied'  by  the  braiii  meridian'."^  When  the  fuu 
comes  to  the'  meridiah  of  any  place  (.riot  within  ‘thp  poldr 
circles),  it  is  noon  or  mid-day  at  that  pl'4ce.  . ' 

9.  The  Equator  is  a great  circle  of  the  earth,  equi- 

diltant  from  the  poles,  and  di'ides  the  globe  into  two 
hemifpheres,  northern  and  fouthern.  The  latitudes  of  places 
are  counted  from  the  equator,  northward  and  fouthward  ; 
and  the  longitudes  of  placed  are  reckoned  upon  it  eaftward 
and  well  ward.  The  equator,  wlvcn  referred  to  the  heavens, 
is  called  the  cquhiotiial,  becaufe  when  the  fun  appears  in  it, 
the  days  and  nights  are  equal  all  oyer  tlie  world,  via.  12 
hours  each.  t 

10.  The  FiVst  Meridian  is  that  from  which  geo- 

graphers begin  to  count  the  longitudes  of  places. ' iji 
Englifh  maps  qnd  globes  the  firfl  meridian  is  a'  femicircle 
fuppofed  to  pafs  thniiigh  London,  or.  the  .royal  ob'fervatoj-) 
«f  Greenwich.  . ^ • 

11.  The  Ecliptic  is  a great  circle  in  which  the  Tun 
mfdces  his  apparent  annual  prugrefs.  among  the  fixed  liars*"'; 
or  it  is  the  real  path  of  the  earth  round  the  fun,  and  cuts  the 
equinoctial  in  an  angle  of  23°  28' ; the  points  of  interfeClioii 
are  called  the  equinoClial  points.  The  ecliptic  is  lituated 
in  the  middle  of  the  zodiac. 

12.  The  'Zodiac,  on  the  celeftial  ^lobe,  is  a fpac'e 
which  extends  about  eight  degrees  on  xrach  fide  of  the 

!— 1 ■ — ■ I I V ■ ■ — , ^ 

• The  fun’s  apparent  ihmial path,\s  either  in  the  equl|io6tial,  or  in  lin^ 
twcirly  parallel  to  it;  and'  hii  apphrdnt  annual  path  itiay  be  traced  in  the 
heavens,  by  ohferving  \vhat_particular  conitcliation  in  tlic  zodiac,  is  on  the 
meridian  at  midnight,  the  oppofite  conllellatioh  will  ihew,  very  neady,,tiie 
fun’s  place  at  noon  on  the  fame  day,'  . 

jd  2 ecliptic. 
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ecliptid,  like  a belt  or  girdle,  within  which  the  motions  of  all 
the  planets  * are  performed- 

13.  Signs  of  the  Zodiac.  The  ecliptic  and  F.odiac 
are  divided  into  1 2 equal  parts,  called  figns,  each  containing. 
JO  degrees.  The  fun  makes  his  apparent  annual  progrels 
through  the  ecliptic  at’ the  rate  of  nearly  a degree  in  a day. 
The  names  of  the  figns,  and  the  days  on  which  the  fun  enters 
them,  are  as  follow  ; 


Spring  Signs. 
ff'  jiriesi  the  Ram,  21ft  of 
“'Of  March. 

.b  Taurus,  the  Bull,  19th 
iof  April. 

XI  Gemini,  the  Twins,  20th 
• of  May. 


Summer  Signs. 

25  Cancer,  the  Crab,  2 1 ft 
of  June. 

SI  Leo,  the  Lion,  2 2d  ot 
July. 

Virgo,  the  Virgin,  2 2d 


of  Auguft. 

'The  fix  figns  above  are  called  northern  figns,  being  north 
< of  the  equinoftial  ; when  the  fun  is  in  any  of  thefe  figns  his 
declination  is  north. 


AutuMNAL  Signs. 

« Libra,  the  Balance,  23d 
of  September. 

% Scorpio,  the  Scorpion,  23d 
of  Oftober. 

V Sagittarius,  the  Archer, 
22d  of  November. 


Winter  Signs. 
yp  Capricornus,  the  Goat, 
2 l ft  December. 
tXC  Aquarius,  the  Water- 
bearer,  20th  January. 

K Pifees,  the  Fifhes,  19th 
February. 


The  fix  figns  above  are  called  fouthem  figns ; v^hen  the 
fun  is  in  any  of  thefe -figns  his  declination  is  iouth. 

The  fpring  and  autumnahiigns  are  called  afeending  figns  ; 
fcccaufe  when  the  fun  is  in  any  of  thefe  figns,  his  declination 
is  increafing.  The  fummer  and  winter  figns  are  called  de- 
feending  figns,  becaufe  when  the  fun  is- in  any  of  thefe  -figns, 
his  declioation  is  decreafing. 

It  is  conjeftttred -that -the- figures  in -the -figns  of  the  zodiac  arc  'de- 
fcriptive  of  the  leafons  of  the  year,  and  that  tliey  are  Chaldean  or 
T.gyptian  hieroglyphics,  intended  to  reprefent  feme  remarkable  oc- 


Except  the  new  difeovered  planets,  or  Afteroids,  Csra  and  Pallas. 
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currencc  in  each  lucmth.  Thus  the  Ipiug  figns  were  diftinguii}ied  for  tlie 
})rodu6Uon  of  thofe  animals  which  were  held  in  the  greateil  elleem,  viz. 
the  fheep,  the  black-cattle,  and  the  goats;  the  latter  being  the  moll  pro- 
lific, was  reprefented  by  the  figure  of  Gemini. — When  the  fun  ente  rs 
Cancer,  he  difeontinues  his  progiefs  towards  the  north  pole,'  and  begins  to 
return  back  towards  the  fouth  pole.  This  letrograde  motion  was  repre- 
lented  by  a Crab,  which  is  faid  to  go  backwards.  'I'he  heat  that  uluahy 
follows  in  the  next  month  is  reprefented  by  tlte  Lion,  an  animal  rem.irkable 
for  its  fiercenefs,  and  w hich,  at  this  feafon,  was  frequently  impelled,  through 
thirlt,  to  leave  the  fandy  del'crt,  and  make  its  appearance  on  the  banks  6f 
the  Nile.  'I’he  fun  entered  the  6ch  fign  about  the  time  of  harvell,  which 
feafon  was  therefore  reprefented  by  a virgin,  or  female  reaper,  w ith  an  ear 
of  corn  in  her  hand.  When  the  fun  enters  Libra,  the  days  and  nights  are 
equal  all  over  the  world,  and  I'eem  toobferve  an  equilibrium,  like  a balance. 

Autumn,  which  produces  fruits  in  great  abundance,  brings  with  it  a va- 
riety of  difeafes ; this  feafon  is  reprefented  by  that  venomous  animal  the 
Scorpion,  who  wounds  with  a fting  in  his  tail  as  he  recedes.  'J'he  fall  of 
the  leaf  was  the  feafon  for  hunting,  and  the  flars  which  marked  the  fun’s 
path  at  this  time  were  reprefented  by  a huntl'man,  or  archer,  with  his  ar- 
rows and  we^i^ons  of  deftrudlion. 

'i’he  Goat,  which  delights  in  climbing  and  afeending  feme  mountain  or 
precipice,  is  the  emblem  of  the  winter  fol'.tice,  when  the  fun  begins  to  afeend 
from  the.fouthern  tropic,  and  gradually  to  iucrcafe  in  height  for  the  enl'uing 
half  year. 

Aquarius,  Or  the  W.tter-bearer,  is  reprefented  by  the  figure  of  a man 
pouring  out  water  from  an  urn,  an  emblem  of  the  dreary  and  uncomfortable 
feafon  of  winter. 

'Fhe  lull  of  the  zodiacal  conftellations  was  Pifets,  or  a couple  of  fifhes, 
tied  back  to  back,  reprefenting  the  fifhing  feafon.  The  feverity  of  the 
winter  is  over,  the  flocks  do  not  afford  fullenance,  but  the  feas  and  riveii 
are  open,  and  abound  with  fifh. 

The  Chaldeans  and  Egyptians  were  the  original  inventors  of  aftronomy  ; 
they  regiftered  the  events  in  their  hiltory,  and  the  myllerics  of  their  re- 
ligion amon^  the  liars  by  emblematical  figures.  The  Greeks  difpl.iccd 
many  of  the  Chaldean  conflellations,  and  placed  fuch  images  as  liad  re- 
ference to  their  own  hillory  in  their  room.  The  fame  method  was  fol- 
lowed bv  the  Romans : hence  the  accounts  given  of  the  figns  of  the  zodiac, 
and  of  the  conflellations,  are  contradiftory  and  involved  in  fable. 

14.  Declination  of  the  fun,  a ftar,  or  planet,  is  their 
diftance  from  the  equinoftial,  northward  or  fouthward. 
When  the  fun  is  in  the  equinoftial  he  has  no  declination,  and 
enlightens  half  the  globe  from  pole  to  pole.  As  he  increafes 
in  north  declination  he  gradually  ihines  farther  over  the  north 
pole,  and  leaves  the  fouth  pole  in  darknefs : in  a fimilar 
manner,  when  he  has  fouth  declination,  he  Ihines  over  the 
•fouth  pole,  ♦md  leaves  the  north  pole  in  darknefs.  The 

15  3 greatclt 
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jrreateft  declination  the  fun  can  have  is  23*  2?';  the  greatr 
ell  declination  a itar  can  have  is  cjo'^,  and  that  of  a planet 
30*^  f.8'  * north  or  fouth. 

The  Tropics  are  two  fmall  circles,  parallel  to  the 
equator,  at  the  dillance  of  23°  28'  from  it  ; the  northern 
is  called  the  Tropic  of  Cancer,  the  fouthern  is  the  Tropic 
of  Capricorn.  The  tropics  are  the  limits  of  the  torrid  zone, 
korthwavd  and  fouthward. 

16.  The  Polar  Circles  are  two  fmall  circles,  parallel 
to  the  equator,  at  the  dillance  of  66°  32'  from  it,  or  23°  28' 
from  each  pole.  The  northern  is  called  the  ar8k,  the 
ibutherr.  the  antarFlic  circle, 

17.  Parallels  of  Latitude  are  fmall  circles  drawn 
through  every  ten  degrees  of  latitude,  on  the  tcn-ellrial 
globe,  parallel  to  the  equator.  Every  place  on  the  globe 
is  fuppofed  to  have  a parallel  of  latitude  dra«ni  through  it, 
though  tlicre  be,  gcqerally,  only Jlxteen  parallels  of  latitude 
drawn  on  the  terrellrial  globe, 

18.  The  Hour  Circle  on  the  artificial  globes  is  a 
frnall  circle  of  brafs,  with  an  index  or  pointer  fixed  to  the 
north  pole.  The  hour  circle  is  divided  into  24  f equal  parts, 
correfpondent  to  the  hours  of  the  day  ; and  thefe  arc  again 
fubdividod  into  halves  and  quarters, 

19.  The  Horizon  is  a great  circle  which  feparates  the 
vifible  half  of  the  heavens  from  the  invifibl?.  This  horizon, 
when  applied  to  the  earth,  is  diftinguiflicd  by  the  fenJllU 
and  rational  horizon. 


* Except  the  planets,  or  Afteroids,  Certs  and  Pallas,  which  are  nearly 
at  the  fame  dillance  from  the  fun ; the  farmer,  at  the  time  this  was  written, 
was  out  of  the  zodiac. 

f Some  globes  have  two  rows  of  figures  on  the  index,  others  but  one. 
On  Bardin  s Nfw  Britijh  Globe!  there  is  an  hour  circle  at  each  pole,  num.- 
htred  with  two  rows  of  figures.  On  Adams’  common  globes  there  is  but 
one  index ; and  on  his  improved  globes  the  hours  are  counted  by  a brafs 
wire  with  two  indexes  ftaiuling  over  the  equator.’  Mr.  William  Jones  lias 
made  an  hour  circle  to  Hide  on  the  brafs  meridian  of  many  of  tlie  globes 
fitted  up  by  him  ; it  is  likewife  meant  to  (liew  the  bearings  of  places.  The 
form  of  the  hour  circle  is,  ho<vevcr,  a matter  of  little  confequence,  (pro- 
vided it  be  placed  under  the  brafs  meridian),  as  the  etjuator  will  anfwcr  every 
purpofe  to  which  a circle  of  this  kind  can  be  applied. 
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20.  The  Sensible,  or  vifible  horizon,  is  that  wliich 
tenninates  our  view,  and  is  rcprefcnted  by  that  circle  which 
we  fee  in  a clear  day  where  the  earth,  or  feaj  and  the  Iky 
feem  to  meet*. 

21.  The  Rational,  or  true  horizon,  is  an  imaginary 
plane,  paffing  through  the  centre  of  the  earth,  parallel  to  the 
fenfible  horizon.  It  determines  the  riling  and  fetting  of  the 
fun,  liars,  and  planets. 

22.  The  Wooden  Horizon  circumferibing  the  artificial 
globe,  reprefents  the  rational  horizon  on  the  real  globe. 
This  horizon  is  divided  into  feveral  concentric  circles.  On 
Bardinas  Nevj  Britijh  Globes  they  arc  arranged  in  the  follow- 
ing order : 

The  Firjl  Circle  is  marked  amplitude,  and  is  numbered 
from  the  call  towards  the  north  and  fouth,  from  o to  96 
degrees,  and  from  the  w'eft  towards  the  north  and  fouth  in 
the  fame  manner. 

The  Second  Circle  fs  marked  azimuth,  and  is  numbered 
from  the  north  point  of  the  horizon  towards  the  eaft  and  welt, 
from  o to  90  degrees  ; and  from  the  fouth  point  of  the  ho- 
rizon, towards  the  eaft  and  weft  in  the  fame  manner. 

The  Third  Circle  contains  the  thirty-two  points  of  the 
compafs,  divided  into  half  and  quarter  points.  Tlie  dcgiyes^ 
in  each  point  are  to  be  found  in  the  azimuth  circle. 

The  Fourth  Circle  contains  the  twelve  ligns  of  the  zodiac, 
with  the  figure  and  character  of  each  fign. 

The  Fifth  Circle  contains  the  degrees  of  the  figns,  each 
fign  comprehending  30  degrees. 

'The  Sixth  Circle  contains  the  days  of  the  month  anfwering 
to  each  degree  of  the  fmds  jilace  in  the  ecliptic. 

The  Seventh  Circle  contains  the  equation  of  time,  or  dif- 
ference of  time,  Ihewn  by  a well  regulated  clock  and  a cor- 


* 'J'he  fenfible  Iiorizon  extends  only  a few  miles;  for  example,  if  a man 
of  6 fc'rt  hi^h  were  to  (land  on  a large  plane,  or  on  the  furfacc  of  the  fe.i ; 
the  utmofl  extent  of  his  view,  upon  the  earth  or  the  lea,  would  be  about 
three  miles.  Thus,  if  h be  the  height  of  the  eye  above  the  furface  of  the 

fea,  and  1/ the  diameter  of  the  earth  in  feet,  then  sj d-^-hxb^  " ill  Ihew  the 
diftance  which  a perfon  will  bb  able  to  fee,  ftraight  forward.  K.  'lu’s 
Trigonometry,  Example  XLI,  page  82. 
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reft  fun  dial.  When  the  clock  ought  to  be  fafter  than  the 
dial,  the  number  of  minutes,  expreffing  the  dlflorence,  has 
the  fign  -f  before  it ; when  the  clock  or  watch  ought  to 
be  flower,  the  number  of  minutes  in  the  difference  has  the 
lign  — before  it.  This  Circle  is  peculiar  to  the  New 
Br'itijh  Globes. 

The  Eighth  Circle  contains  the  twelve  calendar  mouths  of 
the  year,  &c. 

23.  The  Cardinal  Points  of  the  horizon  are  eaft, 
weft,  north,  and  fouth. 

24.  The  Cardinal  Points  in  the  heavens  are  the  ze- 
nith, the  nadir,  and  the  points  where  the  fun  lifes  and  fets. 

25.  The  Cardinal  Points  of  the  ecliptic  are  the 
equinodtial  and  folftitial  points,  which  mark  out  the  four 
feafons  of  the  year  ; and  the  Cardinal  Signs  are  qr  Aries, 
25  Cancer,  jCe  Libra,  and  y,  Capricorn. 

26.  The  Zenith  is  a point  in  the  heavens  exaftly  over 
our  heads,  and  is  the  elevated  pole  of  our  horizon. 

27.  The  Nadir  is  a point  in  the  heavens  exaftly  under 
‘our  feet,  being  the  depreffed  pole  of  our  horizon,  and  the 
zenith,  or  elevated  pole,  of  the  horizon  of  our  antipodes. 

28.  The  Pole  of  any  circle  is  a point  on  the  furface 
of  the  globe,  90  degrees  diftant  from  every  part  of  that 
circle  of  which  it  is  the  pole.  Thus  the  poles  of  the  world 
are  90  degrees  from  every  part  of  the  equator ; the  poles  of 
the  ecliptic  (on  the  celeftial  globe)  ai-e  90  degrees  from  every 
part  of  the  ecliptic. — Every  circle  on  the  globe,  whether 
real  or  imaginary,  has  two  poles  diametrically  oppofite  to 
each  other. 

29.  The  Equinoctial  Points  are  Aries  and  Libra, 
where  the  ecliptic  cuts  the  equinoftial.  The  point  Aries  is 
called  the  vernal  equinox,  and  the  point  Libra  the  autumnal 
equinox.  When  the  fun  is  in  either  of  thefe  points,  the  days 
and  nights  on  every  part  of  the  globe  are  equal  to  each  other. 

30.  The  Solstitial  Points  are  Cancer  and  Capricorn. 
When  the  fun  is  in,  or  near,  thefe  points,  the  variation  in 
his  greateft  altitude  is  fcarcely  perceptible  for  feveral  days  ; 
becaufe  the  ecliptic  near  thefe  points  is  almoft  parallel  to 
ihe  equinoftial,  and  therefore  the  fun  has  nearly  the  fame 
declination  for  feveral  days. — When  the  fun  enters  Cancer 

it 
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it  is  the  longefl  day  to  all  the  inhabitants  on  the  north  fide 
of  the  equator,  and  the  Ihorteft  day  to  thofe  on  the  fouth 
fide.  Wlien  the  fun  enters  Capricorn  it  is  the  fhorteft  day 
to  thofe  who  live  in  north  latitude,  and  the  longeil  day  to 
thofe  who  live  in  fouth  latitude. 

31.  An  Hemisphere  is  h.alf  the  furface  of  the  globe  ; 
every  great  circle  divides  the  globe  into  two  hemifpheres. 
The  horizon  divides  the  upper  from  the  lower  hemifphere 
in  the  heavens  ; the  equator  feparates  the  northern  from  the 
fouthern  on  the  earth  ; and  the  bnifs  meridian.  Handing  over 
any  place  on  the  terreftrial  globe,  divides  the  eailern  from 
the  weftem  hemifphere. 

32.  'J'he  Mariner’s  Compass  is  a reprefentation 'of 
the  horizon,  and  is  ufed  by  feiunen  to  direft  and  afcertain 
the  courfe  of  their  (hips.  It  confifts  of  a circular  brafs 
box,  which  contains  a paper  card,  divided  into  32  equal 
parts,  and  fixed  on  a magnetical  needle-  that  always  turns 
toivards  the  north.  Each  point  of  the  compafs  contains 
11°  15'  minutes,  or  11*  degrees^  being  the  32 d part  of 
360  degrees. 

33.  The  Variation  of  the  Compass  is  the  devia^ 
tion  of  its  points  from  the  correfpondent  points  in  the  hea- 
vens. When  the  north  point  of  the  compafs  is  to  the  ea(t 
of  the  true  north  point  of  the  horizon,  the  variation  is  call; 
if  it  be  to  the  weft  the  variation  is  weft. 


The  learner  is  to  underftand,  that  the  compafs  does  not  always  point  aV- 
reiH/y  north,  but  is  fubjett  to  a fmall  annual  variation.  At  prefent,  in  England, 
the  needle  points  about  24  degrees  to  the  weftward  of  the  i^orth. 


At  London  in 


1576,  the  variation  was, 

1 1*! 

ij' 

i6ia,  — 

6 

10 

1622,  — 

6 

c 

1634,  — 

4 

•5 

1657.  — 

0 

0 

E. 

1666, 

the  variation  was,  1° 

35' 

W. 

E. 

1683, 

— 4 

30 

w. 

E. 

i;co. 

— 8 

0 

\v. 

E. 

1722, 

— 14 

22 

w: 

1747. 

— 17 

40 

w. 

1780, 

— 22 

41 

>w 

The  compafs  is  ufed  for  fettlng  the  artificial  globe  north  and  fouth ; but 
care  muft  be  taken  to  make  a proper  allowance  for  the  variation.  < 


34.  Latitude  of  a Place,  on  the  terreftrial  globe, 
is  its  diftance  from  the  equator  in  degrees,  minutes  or 
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geographical  miles,  See.  and  is  reckoned  on  tlie  brafs 
meridian,  from  the  equator  towards  the  north  or  fouth 
pole. 

35.  Latitude  of  a Star,  or  Planet,  on  the  ce- 
leftial  globe,  is  its  dillance  from  the  ecliptic,  northward  or 
fouth  ward,  counted  towards  the  pole  of  the  ecliptic,  on  the 
quadrant  of  altitude.  The  greatcll  latitude  a ftar  can  have 
is  90  degrees,  and  the  greateft  latitude  of  a planet  is  nearly 
8 degrees  *.  Tlie  fim  being  always  in  the  ecliptic,  has  no 
latitude. 

36.  The  Quadrant  of  Altitude  is  a thin  flip  of 
brafs  divided  upwards  from  o to  90  degrees,  and  downwards 
from  G to  i8  degrees,  and  when  ufed,  is  generally  ferewed 
to  the  brafs  meridian.  The  upper  divifions  are  ufed  to  de- 
termine the  diftances  of  places  on  the  earth,  the  dillances  of 
the  celeflial  bodies,  their  altitudes,  Sec.  ; and  the  lower  di- 
vifions  are  applied  to  finding  the  beginning,  end,  and  dura- 
tion of  twilight. 

37.  Longitude  of  a Place  on  the  terrcflrial  globe, 
is  the  diflance  of  the  meridian  of  that  place  from  the  firft 
meridian,  reckoned  in  degrees  and  parts  of  a degi'ee  on  the 
equator.  Longitude  is  either  eaftward  or  weuward,  ac- 
cording as  the  place  is  eaftward  or  weftvi  ard  of  the  firil 
meridian.  The  greateft  longitude  that  a place  can  have  is 
1 80  degrees,  or  half  the  circumference  of  the  globe. 

38.  Longitude  of  a Star,  or  Planet,  is  reckoned 
on  the  ecliptic  from  the  point  Aries,  eaftward,  round  the 
Celeftial  globe.  The  longitude  of  the  fun  is  what  is  called 
the  fun’s  place  on  the  terreftrial  globe. 

39.  Almacantars,  or  parallels  of  altitude,  are  imagi- 
nary circles  parallel  to  the  horizon,  and  ferve  to  fhew  the 
height  of  the  fun,  moon,  or  ftars.  Thefe  circles  are  not 
drawn  on  the  globe,  but  they  may  be  deferibed  for  any 
latitude  by  the  quadrant  of  altitude. 

40.  Parallels  of  Celestial  Latitude  are  fmall 
circles  drawn  on  the  celeftial  globe,  parallel  to  the  ecliptic. 


• The  newly.dlfcovered  pl;mets,  ot  Afteroid*,'C«>r«  and  Pallas,  do  not 
appeu;  to  be  ccafined  witliin  tins  lunit, 
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41.  Parallels  of  declination  ai-e  fmall  circles  pa- 
rallel to  the  equinoctial  on  the  celellial  globe,  and  are  limilar 
to  tlie  parallels  of  latitude,  on  the  terreltrial  globe. 

42.  The  Colures  are  two  great  circles  palling  through 
the  poles  of  the  world  ; one  of  them  palTes  through  the 
equinodial  points,  Aries*  and  Libra  ; the  other  through 
the  folilitial  points,  Cancer  and  Capricorn  ; hence  they  arc 
called  the  equinoctial  and  folititial  colures.  They  divide  the 
ecliptic  into  four  equal  parts,  and  mark  the  four  feafoiis  of 
the  year. 

43.  Azimuth,  or  Vertical  Circles,  are  imaginary 
great  circles  palfing  through  the  zenith  and  the  nadir,  cut- 
ting the  horizon  at  right  angles.  ITe  altitudes  of  tlu^  hea- 
venly bodies  are  meafured  on  thefe  circles,  which  circles 
may  be  reprefented  by  I'crewing  the  quadrant  of  altitude  on 
tlie  zenith  of  any  place,  and  making  the  other  end  move 
along  the  wooden  horizon  of  the  globe. 

44.  The  Prime  Vertical  is  that  azimuth  circle  which 
pali'es  through  the  eall  and  weft  points  of  the  horizon,  and 
is  always  at  right  angles  with  the  brafs  meridian,  which  may 
be  confidered  as  another  vertical  circle  palling  through  the 
north  and  fouth  points  of  the  horizon. 

45.  The  Altitude  of  any  objeCf  in  the  heavens,  is  an 
arch  of  a vertical  circle,  contained  between  the  centre  of  the 
ol^eft  and  the  horizon.  When  th&  objeft  is  upon  the  me- 
ridian, this  arch  is  called  tlie  meridian  altitude. 

46.  The  Zenith  Distance  of  any  celeftial  objeft,  i» 
the  arch  of  a vertical  circle  contained  between  the  centre  of 
that  objecl  and  the  zenith  ; or  it  is  what  the  altitude  of 
the  objeft  wants  of  90  degrees.  When  the  objeft  is 
on  the  meridian,  this  arch  is  called  the  meridian  zenith 
diftance. 

47.  The  Polar  Distance  of  any  celellial  obje£l,  is 
an  arch  of  a meridian,  contained  between  the  centre  of  that 
objetft  and  the  pole  of  the  equino<ftiF.»]. 


•Ill  the  time  of  Hij>p4,rcbti}  die  equinodtial  colure  is  I’uppofed  to  have 
jpsfled  througli  the  middle  of  the Litton  Aries.  Hipparchus  \va  a 
native  of  Nicata,  a town  of  By  thinia  in  Afia  Minor,  about  73  miles  S.  E . of 
Conftantinople,  now  called  ll'uic;  he  made  his  v.blervations  between  i 60 
and  13s  ye.irs  before  ChrL'l. 

48.  The 
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48.  The  Amplitude  of  any  obje£l  in  the  heavens  is  an 
arch  of  the  horizon,  contained  between  the  centre  of  the  ob- 
je£f  when  rifing,  or  fetting,  and  the  eaft  or  weft  points  of  the 
horizon.  Or,  it  is  the  diftunce  which  the  fun  or  a ftar  rifes 
from  the  eaft,  and  fets  from  the  weft,  and  is  ufed  to  find  the 
variation  of  the  compafs  at  fea.  In  our  fummerthe  fun  rifes 
to  the  north  of  the  eaft,  and  fets  to  the  north  of  the  weft : 
and  in  the  winter  it  rifes  to  the  fouth  of  the  eaft,  and  fets  to  the 
fouth  of  the  weft.  The  fun  never  rifes  exailly  in  the  eaft  nor 
fets  exaftly  in  the  weft,  except  at  the  time  of  the  equinoxes. 

49.  The  Azimuth  of  any  objeAin  the  heavens,  is  an 
arch  of  the  horizon,  contained  between  a vertical  circle  paf- 
fing  through  the  objeft,  and  the  north  or  fouth  points  of  the 
horizon.  The  azimuth  of  the  fun,  at  any  particular  hour, 
is  ufed  at  fea  for  finding  the  variation  of  the  compafs. 

50.  Hour  Circles,  or  Horary  Circles,  are  the 
fame  as  the  meridians.  They  are  drawn  through  every  15 
degrees*  of  the  equator,  each  anfwering  to  an  hour — con- 
fequently,  every  degree  of  longitude  anfwers  to  four  minutes 
of  time,  every  half  degi  ee  to  two  minutes,  and  every  quarter 
of  a degree  to  one  minute. 

On  the  globes  thefe  circles  are  fupplied  by  the  brafs  me- 
ridian, the  hour  circle  and  its  index. 

51.  The  six  o’Clock  Hour  Line.  As  the  meridian 
of  any  place,  with  refpecf  to  the  fun,  is  called  the  1 2 o’clock 
hour  circle  ; fo  that  great  circle  palling  through  the  poles, 
which  is  90  degrees  diftant  from  it  on  the  equator,  is  called 
by  aftronomers  the  fix  o’clock  hour  circle,  or  the  fix  o’clock 
hour  line.  The  fun  and  ftars  are  on  the  eaftem  half  of  this  cir- 
cle, 6 hours  before  they  come  to  the  meridian  j and  on  the 
weftern  half,  fix  hours  after  they  have  paffed  the  meridian. 

52.  Culminating  Point  of  a ftar  or  planet,  is  that 
point  of  its  orbit  which,  on  any  given  day,  is  the  moft  ele- 
vated. Hence  a ftar  or  planet  is  faid  to  culminate  w'hen  it 
comes  to  the  meridian  of  any  place  ; for  then  its  altitude  at 
that  place  is  the  greateft. 

53.  Apparent  Noon,  is  the  time  when  the  fun  comes  to 
the  meridian  ; viz.  12  o’clock,  as  fhewn  by  a correft  fun-dial. 

* On  Cary'%  Globcs  the  meridians  are  drawn  through  every  10  degrees, 
u on  a Map. 

54.  True, 
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54.  True,  or  Mean  Noon,  12  o’clock,  as  fliewn  by 
a well  regulated  clock,  adjulled  to  go  24  hours  in  a mean 
folar  day. 

55.  The  Equation  of  Time  at  noon,  is  the  interval 
between  the  true  and  apparent  noon,  viz.  it  is  the  difference 
of  time  ihewn  by  a well  regulated  clock  and  a corredl  fun 
dial. 

56.  A True  Solar  Day  is  the  time  from  the  fun’s 
leaving  the  meridian  of  any  place,  on  any  day,  till  it  returns 
to  the  fame  meridian  on  the  next  day  ; viz.  it  is  the  time 
elapfed  from  12  o’clock  at  noon,  on  any  day,  to  12  o’clock 
at  noon  on  the  next  day,  as  fhewn  by  a correft  fun-dial.  A 
true  folar  day  is  fubjeft  to  a continual  variation,  ariilng 
from  the  obliquity  of  the  ecliptic,  and  the  unequal  motion 
of  the  earth  in  its  orbit  ; the  duration  thereof  fometimes 
exceeds,  at  others  fall  ffiort,  of  24  hours,  and  the  variation 
is  the  greatell  about  the  firil;  of  November,  when  the  folar 
day  is  16'  15"  lefs  than  24  hours,  as  fhewn  by  a well  regu- 
lated clock. 

57.  A Mean  Solar  Day  is  meafured  by  equal  motion, 
as  by  a clock  or  time-piece,  and  confifts  of  24  hours.  There 
are  in  the  courfe  of  a year  as  many  mean  folar  days  as  there 
arc  true  folar  days,  the  clock  being  as  much  fafter  than  the 
fun-dial  on  fome  days  of  the  year,  as  the  fun-dial  is  fafter 
than  the  clock  on  others.  Thus  the  clock  is  fafter  than  the 
fun-dial  from  the  24th  of  December  to  the  15th  of  April, 
and  from  the  i6th  of  June  to  the  31ft  of  Auguft  : but  from 
the  15th  of  April  to  the  i6th  of  .Tune,  and  from  the  31ft  of 
Auguft  to  the  24th  of  December,  the  fun-dial  is  fafter  than 
the  clock.  When  the  clock  is  fafter  than  the  fun-dial,  the 
true  folar  day  exceeds  24  hours  ; and  when  the  fun-dial  is 
fafter  than  the  clock,  the  true  folar  day  is  lefs  than  24 
hours  ; but  when  the  clock  and  the  fun-dial  agree,  viz. 
about  the  15th  of  April,  i6th  of  June,  31ft  of  Auguft, 
and  24th  of  December,  the  true  folar  day  is  exaftly  24 
hours. 

58.  The  Astronomical  Day  is  reckoned  from  noon 
to  noon,  and  confifts  of  24  hours.  This  is  called  a na- 
tural day,  being  of  the  fame  length  in  all  latitudes. 

59.  The 
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59.  The  Artificial  Day  is  the  time  elapfed  between 
the  fun’s  riling  and  fetting,  and  is  variable  according  to  the 
different  latitudes  of  places. 

60.  The  Civil  Day,  like  the  aftronomicai  or  natural 
day,  confifts  of  24  hours,  but  begins  differently  in  different 
nations.  The  ancient  Babylonians,  Perlians,  Syiians,  and 
moft  of  the  eaftern  nations,  began  their  day  at  fun-riling. 
The  ancient  Athenians,  the  Jews,  &c.  began  their  day  at 
fun-fetting,  which  cullom  is  followed  by  the  modern  Auf- 
trians,  Bohemians,  Silefians,  Italians,  Chinefe,  &c-  The 
Arabians  begin  their  day  at  noon,  like  the  modern  aftrono- 
mers.  The  ancient  Egyptians,  Romans,  &c.  began 
tlteir  day  at  midnight,  and  this  method  is  followed  by  the 
Englifh,  French,  Germans,  Dutch,  Spanifh,  and  Portu- 
guefe. 

61.  A SiDERiAL  Day  is  the  interval  of  time  from  the 
palfage  of  any  fixed  Ifarover  the  meridian,  till  it  returns  to 
it  again  : or,  it  is  the  time  which  the  earth  takes  to  revolve 
once  round  its  axis,  and  confifts  of  23  hours,  56  minutes, 
4 feconds. 

Tn  elementary  books  of  aftronomy  and  tbc  globes,  the  learner  is  generalfy 
told  that  the  earth  turns  on  its  axis  from  weft  to  taft  in  24  hours  ; but 
the  truth  is,  that  it  turns  on  its  axis  in  23  houss,  56  minutes,  4 fecondj, 
making  about  366  revolutions  in  365  diiys,  or  a year.  The  natural  day 
would  always  cotiRft  of  23  hours, 36  muiutes,  4 fcconds,  inftead  of  24  hours, 
if  the  earth  had  no  other  motion  than  that  on  its  axis  ; but  while  the  earth 
has  revolved  eaftwatd  once  round  its  axis,  it  has  advanced  nearly  one  de- 
gree* eattward  in  its  orbit.  To  illuftrate  this,  luppole  the  fun  to  be  upon 
any  particular  meridian  at  12  o’clock,  on  any  day  ; in  the  fpace  of  23  hours, 
56  minutes,  4 feconds  afterwards, the  earth  will  have  performed  one  entire 
revolution  ; but  it  will  at  die  fame  time  have  advanced  nearly  one  degree 
caftward  in  its  orbit,  and  confequcntly  that  meridian  which  was  oppofite  to 
the  fun  the  day  before,  will  be  now  one  degree  eaftward  of  it ; therefore 
the  earth  muft  perform  fomething  more  than  one  revolution  before  the 
fun  appears  again  on  the  fame  meridian  ; fo  diat  the  time  from  the  fun’s 
being  on  the  meridian  on  any  day,  tp  its  appearance  on  the  fame  meridian 
the  next  day,  is  24-hours. 

• The  e.arth  goes  round  the  fun  in  365I  days  nearly  ; and  the  ecliptic, 
which  is  the  earth’s  path  round  the  fun,  confifts  of  360  degrees  ; hence  by 
the  rule  of  three,  365AD:  360  deg.:;  iD;  59' 8".  2,  the  daily  mean 
motion  of  the  earth  in  its  erbit,  or-thc  apparent  mean  motion  of  the  fun  in 
a day.  . 
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62.  A Solar  Year,  or  tropical  year,  is  the  time  the 
fun  takes  in  paffing  through  the  ecliptic,  from  one  tropic, 
or  equinox,  till  it  returns  to  it  again  ; and  conlills  of  365 
days,  5 hours,  48  minutes,  48  feconds. 

63.  A SiDERiAL  Year  is  the  fpace  of  time  which  the 
fun  takes  in  palling  from  any  fixed  ftar,  till  he  returns  to  it 
again,  and  confilfs  of  365  days,  6 liours,  9 minutes,  12 
feconds  ; the  fiderial  year  is  therefore  20  minutes,  24  fe- 
cor.ds  longer  than  the  tropical  year,  and  the  fun  returns  to 
the  equinox  every  year  before  he  returns  to  the  fame  point 
of  the  heavens  ; confequentiy  the  equinoftial  points  liave  a 
retrograde  motion. 

64.  The  Precession  of  the  Eouinoxes  (or  more 
properly  the  receflion  of  the  equinoxes)  is  a flow  motion 
which  the  equinoftial  points  have  from  call  to  well,  contrary 
to  the  order  of  the  figns,  which  is  from  well  to  eaft. 

This  motion,  from  the  heft  obfervations,  is  about  50^ 
feconds  in  a year,  fo  that  it  would  require  25,791  years* 
for  the  cquinodlial  points  to  perfomi  an  entire  revolution 
weft  ward  round  the  globe. 

In  the  time  of  Hipparchus,  and  the  oldcft  allronomers,  the  equlno6lial 
points  were  fixed  in  Arie's  and  I.ibra  ; but  the  (13ns  which  were  tlien  in 
conjunftion  with  the  fun,  when  he  was  in  the  equinox,  are  now  a whole 
figii,  or  30  degrees  eaftwar.l  of  it ; lb  that  Aries  is  now  in  Taurus,  Tau- 
rus in  Gemini,  &c.  as  may  be  feeii  on  the  ccleitial  globe.  Hence  allb  the 
ftars  which  rofe  and  let  at  any  particular  feafon  of  the  year  in  the  times  of 
Hefiodf,Eudoxush Pliny il>  &c.  do  not  anfwer  to  the  defeription  given  by 
ihefe  writers. 

65.  Posi- 


• Eor  the  circumference  of  the  equator  is  360  degrees,  and  51^":  i yr. 
; i 360'*  : 25791  years. 

f Hesiod  was  a celebrated  Grecian  poet,  bom  at  Afcra,  in  Bocotia, 
fuppofed  to  have  flourifhed  in  the  time  of  Homer ; he  was  the  flrft  who 
wrote  a poem  on  Agriculture,  entitled  The  Works  and  tht  Days.,  in  which 
he  introduces  the  rifing  and  fetting  of  particular  ftars,  &c.  Several 
editions  of  his  works  are  now  extant. 

f Eudoxus  was  a great  geometrician  and  aftronomer,  from  whom  Eu- 
clid the  geometrician  is  fa  id  to  have  borrowed  great  part  of  his  elements 
of  geometry.  Eudoxus  was  bom  at  Cnidus,  a town  of  Caria,  in  Alia 
Minor  ; he  dourilhed  about  370  ya.ars  before  Chrift. 

II  Pliny,  generally  called  P,liny  the  Elder-,  was  born  at  Verona,  in 
Italy ; he  compofed  a work  on  natural  hiilory  in  3 7 books ; it  treats  of 
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65.  Positions  of  the  Sphere  arc  three;  right,  pa- 
rallel, and  oblique. 

66.  A Right  Sphere  is  that  pofition  of  the  earth 
where  the  equator  pafles  through  the  zenith  and  the  nadir, 
the  poles  being  in  the  rational  horizon.  The  inhabitants 
who  have  this  pofition  of  the  sphere  live  at  the  equator ; 
it  is  called  a right  fphere  becaufe  all  the  parallels  of  la- 
titude cut  the  horizon  at  right  angles,  and  the  horizon  di- 
vides them  into  two  equal  parts,  making  equal  day  and 
night. 

67.  A Parallel  Sphere  is  that  pofition  the  earth  has 
when  the  rational  horizon  coincides  with  the  equator,  the 
poles  being  in  the  zenith  and  nadir.  The  inhabitants  who 
have  this  pofition  of  the  fpere  (if  there  be  any  fuch  in- 
habitants) live  at  the  poles  ; it  is  called  a parallel  fphere, 
becaufe  all  the  parallels  of  latitude  are  parallel  to  the 
horizon,  and  the  fun  appears  above  the  horizon  for  fix 
months  together. 

68.  An  Oblique  Sphere  is  that  pofition  the  earth 
has  when  the  rational  horizon  cuts  the  equator  obliquely, 
and  hence  it  derives  its  name.  All  inhabitants  on  the 
face  of  the  earth  (except  thofe  who  live  exadlly  at  the 
poles  or  the  equator)  have  this  pofition  of  the  fphere,  and 
the  days  and  nights  are  of  unequal  lengths,  the  parallels  of 
latitude  being  divided  into  unequal  parts  by  the  rational 
horizon. 

69.  Climate  is  a part  of  the  furface  of  the  earth  con- 
tained between  two  fmall  circles  parallel  to  the  equator,  and 
of  fuch  a breadth,  that  the  longeft  day  in  the  parallel  neareft 
the  pole,  exceeds  the  longeft  day  in  the  parallel  of  latitude 
next  the  equator,  by  half  an  hour,  in  the  torrid  and  tem- 
perate zones,  or  by  a month  in  the  frigid  zones  ; fo  that 
there  are  24  climates  between  the  equator  and  each  polar 
circle,  and  fix  climates  between  each  polar  circle  and  its 
pole. 


the  ftars,  the  heavens,  wind,  rain,  hail,  minerals,  trees,  flowers,  plants, 
birds,  fiihes,  and  beafts ; befides  a geographical  delcription  of  every  place 
on  the  globe,  &c.  &c.  Pliny  perifhed  by  an  eruption  of  Vefuvius,  in  the 
79th  year  of  Chrilt,  from  tpo  eager  a curiofity  in  oblerving  the  phe- 
nomencn. 


From 


Chap.  I.  DEriNlTIONS,  &C.  X'j 

From  the  above  definition  it  appears,  that  all  places  fituated  on  the  fame 
parallel  of  latitude  are  in  the  fame  climate;  but  we  mull  not  infer  from 
thence,  that  they  have  the  fame  atmofpherical  temperature  ; large  tradls  of 
uncultivated  lands,  fandy  deferts,  elevated  (ituations,  woods,  -moralf^, 
lakes,  &c.  have  a ccnfiderable  effecl  on  the  atmofphere.  For  inftance, 
in  Canada,  in  about  the  latitude  of  Paris  and  the  fouth  of  England,  the 
cold  is  fo  exceflive,  that  the  greateft  rivers  are  frozen  over  from  December 
to  April,  and  the  fnow  commonly  lies  from  four  to  fix  feet  deep.  The 
Andes  mountains,  though  part  of  them  are  fituated  in  the  torrid'zone,  are 
at  the  fummit,  covered  with  fnow,  which  cools  the  air  in  the  adjacent 
country.  The  heat  on  the  weftern  coaft  of  Africa,  after  the  wind  has 
palfed  over  the  fandy  defert,  is  almoll  fuffocating ; whilft  that  fame  wind 
having  palfed  over  the  Atlantic  Ocean,  is  cool  and  pleafant  to  the  inhabi- 
tants of  the  Caribbean  Ifiands. 
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The  preceding  tables  mav  be  conftru^'ted  by  the  globe,  as  will  be  fhew  n 
in  the  problems,  but  not  with  that  exad'tiiefs  given  above.  Tables  of  this 
kind  aie  generally  copied  from  one  author  into  another,  withovtt  any  ex- 
jjlanation  of  the  principles  on  which  they  arc  founded. 


Ccnjtruclion  of  the  f:rji  Ttiblt. 

In  plate  IV.  figure  IV.  HO  reprefents  tlit  iiorizon,  jEQ  the  equator, 
2?  ‘ ?5  a parallel  of  the  fun’s  greateft  declination,  N O the  elevation  of  the 
pole  or  latitude  of  the  place;  the  angle  cab,  nieafured  by  the  arch  Q O, 
the  complement  of  the  Lititude;  a b \%  the  afcenfional  difference,  or  tlie 
time  the  fun  rifes  before  6 o’clock,  and  b c the  fun’s  declination.  Hcnce^ 
by  Baron  Napier’s  rules  (fee  Keith's  SphericaL'I'rigonometry)  raJ.  x J‘'>f 
a b — cotan^r.t  a*  (ar  tangent  N O)  X tangent  b c. 

VIZ.  As  tangent  of  the  fun's  greateft  declination  23®  28', 

U to  radius,  fine  of  90  degrees ; 


So  isjinc  of  the  fun  s afcenjtonal  dijferenct. 

To  tangent  of  the  latitude A general  rule. 

At  the  end  of  tlie  firft  climate  tlie  fun  rifes  ^ before:  6 ; and  in  every 
climate,  if  yow  take  half  the  length  of  the  longeft  day,  and  deduiSt  6 hours- 
therefrom,  the  remainder  'turned  into  degrees  will  give  the  afcenfional 
difference.  Hence  the  afcenfional  difference,  for  the  firft  climate,  is 
Ij  minutes  of  time,  equal  to  3"  45' ; for  the  fecoiul  climate  30  minutes 
— 7“  .1®';  for  the  third  climate  43  minutes  :r:  ii'^  15' ; for  the  fourth 
climate  I hour  — if,  See. 


As  tangent  of  23°  28'  9.63761 

Is  to  radius,  fine  of  90°  lo.ocooo 
So  is  fine  of  3“  45'  8.81560 


As  tangent  of  23®  8'  9-6376r 

Is  to  radius,  fine  of  90®  lo.oocxxi 
So  is  fine  of  7®  30'  9.11570 


To  tangent  lat.  8®  34'  9->7799 


To  tangeht  lat,  16®  44'  9.47809 


ConJiruSHon  of  the  fecend  Table. 

The  longeft  day  is  the  2ift  of  June,  when  the  fun’s  declin.ation  is 
23®  28'  north.  Count  half  the  length  of  the  day  from  the  21ft  of  June 
forward  and  backward;  find  the  fun’s  declination  anfwering  to  tliofe  two 
days  in  the  nautical  almanac,  or  in  a table  of  the  fun’s  declination ; add 
the  two  declinations  together,  and  divide  their  fum  by  2,  fubtra6t  the 
quotient  from  90  degrees,  and  the  remainder  is  the  latitude.  As  the  fun’s 
declination  is  v.iri.ibU,  it  ought  to  be  taken  out  of  the  almanac,  or  tables, 
for  leap  year  and  the  three  foliowiiig  years ; a mean  of  ihefe  declinations 
ufed  as  above  will  give  the  kititude  as  correct  as  the  nature  of  the  problem 
admits  of,  and  in  this  manner  the  fecoiid  table  was  conflrudted. — Riecioi.i 
(an  Italian  aftronomer  and  mathematician,  boin  at  Ferrara,  in  the  Pope's 
dominions,  1598,')  in  his  Afronomia  Reformata,f'M\^i\cA  in  1665,  makes 
an  allowance  for  the  refrattiou  of  the  atmofphere  in  a table  of  climates. 
He  confiders  the  increale  of  days  to  be  by  half  hourrs,  from  12  to  16  hours; 
b^  hours  from  16  to  20  hours;  by  2 hours  from  20  to  24  hours:  and  by 
months  in  the  frigid  zones,  mahing  the  number  of  tiie  days  of  each  month  hr 

the 
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the  north  frigid  zone,  foniethh  g more  thnn  thofe  in  the  fouth  ; but,  as  the 
refraction  of  the  atraol'phere  is  10  extremely  variable  that  fcarcely  any  two 
mathematicians  agree  with  ici’peft  to  the  quantity,  it  is  evident  that  a table 
of  climates,  calculated  with  fuch  an  uncertain  allowance,  can  be  of  no  ma- 
terial advantage. 

70.  A Zone  is  a portion  of  the  fiirface  of  the  earth  con- 
tained between  two  Imall  circles  parallel  to  the  equator,  and 
is  fimilar  to  the  term  climate,  for  pointing  out  the  fituations 
of  places  on  the  earth,  but  lefs  exadt  j as  there  are  only  jive 
zones,  whereas  there  are  6o  climates. 

71.  The  Torrid  Zone  extends  from  the  tropic  of 
Cancer  to  the  tropic  of  Capricorn,  and  is  46°  56' broad. 
This  zone  was  thought  by  the  ancients  to  be  uninhabited, 
becaufe  it  is  continually  expofed  to  the  direft  rays  of  the 
fun  ; and  fuch  parts  of  the  torrid  zone  as  were  known  to  them 
were  fandy  deferts,  as  the  middle  of  Africa,  Arabia,  §cc.  ; 
and  this  fandy  defert  extends  beyond  the  left  hank  of  the 
Indus,  towards  Aginierc.  But  thefe  deferts  are  not  pro- 
duced merely  by  the  exceffive  heat  of  the  fun,  as  the  an- 
cients imagined  ; becaufe  it  is  well  known,  that  moifture  i» 


torrid  zone. 

72.  The  Two  Temperate  Zones.  The  north  tem- 
perate zone  extends  from  the  tropic  of  Cancer  to  the  ardlic 
circle ; and  the  fo.uth  temperate  zone  from  the  tropic  of 
Capricorn  to  the  antardfic  circle.  Thefe  zones  are  each 
43°  4'  broad,  and  were  called  temperate  by  the  ancients, 
becaufe  meeting  the  fun’a  rays  obliquely,  they  enjoy  a 
moderate  degree  of  heat. 

73.  The  TWq  Frigid  Zonf.;s.  The  north  frigid  zone, 

or  rather  fegment  'of,  the  fpHore,  -is  bounded  by  the  ardlic 
circle.  The  north  pole,  which  is  23°  28'  from  the  ardfic 
circle,  is  -fituated  ih-  Ghc  centre  of  thb  zoiid.  The  ibuth 
frigid  zone  is  bounded  by  tlie  antardfic  circle,  dillant 
23°  28'  from  the; fouth  ^ole,  iviuch  ia  lituated  in  the  centre 
cf  this  zone.  f 

Trq.  Am  PH  I sett  are  tlie  inhabitants  of  the  torrid  zone  ; 
fo  called,  .becaufe  they  cait  tUeir  ftiadows  both  north  and 
iouth  at  different  times  of  thd  year;  the  fun  being  fomc- 
times  to  the  fouth  of  them. at  noon,  and'  at  other  times  to 
-r  the 
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the  north.  When  the  fun  is  vertical,  or  in  the  zcnithi 
which  happens  tvi'ice  in  the  year,  the  inhabitants  have  no 
fliadow,  and  are  then  called  Ascii,  or  (hadowlefs. 

75.  Heteroscii  is  a name  given  to  the  inhabitants  of 
the  temperate  zones,  becaufe  they  call  their  lhadows  at  noon 
only  one  way.  Thus,  the  fliadow  of  an  inhabitant  of  the 
north  temperate  zone  always  falls  to  the  north  at  noon, 
becaufe  the  fun  is  then  direAIy  fouth  ; and-  an  inhabitant  of 
the  fouth  temperate  zone  calts  his  fhadow  towards  the  fouth 
at  noon,  becaufe  the  fun  is  due  north  at  that  time. 

76.  Periscii  are  thofe  people  who  inhabit  the  frigid 
zones,  fo  called,  becaufe  their  fhadows,  during  a revolution 
of  the  earth  on  its  axis,  are  direfted  towards  every  point  of 
the  compafs.  In  the  frigid  zones  the  fun  does  not  fet  during 
feveral  revolutions  of  the  earth  on  its  axis. 

77.  Antoeci  are  thofe  who  live  in  the  fame  degree  of 
longitude,  and  in  equal  degrees  of  latitude,  but  the  one  has 
north  and  the  other  fouth  latitude^  They  have  noon  at  the 
fame  time,  but  contrary  feafons  of  the  year  ; confequeritly, 
the  length  of  the  days  to  the  one,  is  equal  to  the  length  of 
the  nights  to  the  other.  Thofe  who  live  at  the  equator 
have  no  Antoeci. 

78.  Perioeci  are  thofe  who  live  in  the  fame  latitude, 
but  in  oppdfite  longitudes  ; when  it  is  noon  with  the  one,  it 
is  midnight  with  the  other ; they  have  the  fame  length  of 
days,  and  the  fame  feafons  of  the  year.  The  inhabitants  of 
the  poles  have  no  Perioeci. 

79.  Antipodes  are  thofe  inhabitants  of  the  earth  who 
live  diametrically  oppofite  to  each  other,  and  confe- 
quently  walk  feet  to  feet ; their  latitudes,  longitudes,  fea- 
fons of  the  year,  days  and  nights,  are  all  contrary  to  each  - 
other. 

80.  The  Right  Ascension  of  the  fun,  or  a ftar,  is 
that  degree  of  the  eqiiinoftial,  which  rifes  with  the  fun,  or 
a ftar,  in  a right  fphere,  and  is  reckoned  from  the  equinoc- 
tial point  Aries  eaftward  round  the  globe. 

81.  Oblique  Ascension  of  the  fun,  or  a ftar,  is  that 
degree  of  the  equinoftial  which  rifes  with  the  fun,  or  a ftar, 
in  an  oblique  fphere,  and  is  likewife  counted  from  the  point 
Aries  eaftward  round  the  globe. 


82.  Oblique 
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82.  Oblique  Descension  oftiiefun  or  a ftar,  is  that 
d^giee  of  the  equino^lial  which  fets  with  the  fun  or  a itar, 
in  an  oblique  fphere. 

83.  The  Ascensional  or  Descensional  Differ- 
ence, is  the  difference  between  the  right  and  oblique 
afcenfion,  or  the  difference  between  the  right  and  oblique 
delcenfion,  and,  with  relpecl  to  the  fun,  it  is  the  time 
he  rifes  before  6 in  the  fummer,  or  fets  before  6 in  the 
winter. 

84.  The  Crepusculum,  or  Twilight,  is  that  faint 
light  wdiich  we  perceive  before  the  fun  rifes,  and  after  he 
fets.  It  is  occafioned  by  the  earth’s  atmofphere  refradling 
the  rays  of  light,  and  reflefting  them  from  the  particles 
thereof.  The  twilight  is  fuppofed  to  end  in  the  evening, 
when  the  fun  is  18  degrees  below  the  horizon,  or  when  fears 
of  the  fixth  magnitude  (the  fmalleft  that  are  vifible  to  the 
naked  eye)  begin  to  appear ; and  the  twilight  is  faid  to  be- 
gin in  the  morning,  or  it  is  day -breaks  w'hen  the  fun  is  again 
w'ithin  18  degrees  of  the  horizon.  The  twilight  is  the 
fhorteft  at  the  equator,  and  longefe  at  the  poles ; here  the 
fun  is  near  two  months  before  he  retreats  18  degrees  below 
the  horizon,  or  to  the  point  where  his  rays  are  firfe  ad- 
mitted into  the  atmofphere  ; and  he  is  only  two  months 
more  before  he  arrives  at  the  fame  parallel  of  latitude. 

85.  Refraction.  The  earth  Js  furrounded  by  a body 
of  air,  called  the  Atmosphere,  thiough  which  the  rAys  of 
fight  come  to  the  eye  from  all  the  heavenly  bodies  ; and 
fence  thefe  rays  are  emitted  through  a vacuum,  or  at  lea  ft 
through  a very  rare  viedium  *,  and  fall  obliquely  upon  the 
atmofphere,  wliich  is  a denfe  medium,  they  will,  by  the 
laws  of  optics,  be  refrafted  in  lines  approaching  nearer  to 
a perpendicular  from  the  place  of  the  obferver  (or  nearer  to 
the  zenith)  than  they  would  be  were  the  medium  to  be 
removed.  Hence  all  the  heavenly  bodies  appear  higher 


* Any  flald,  or  fubftance,  through  which  a ray  of  light  can  fcnetr^te, 
is  called  a medium,  as  air,  water,  oil,  glafs,  Set.  The  air  near  the  fitrface 
of  the  earth  is  more  denfe  than  in  the  higher  regions  of  the  atmofphere,; 
and  beyond  the  atmofphere,  the  rays  of  light  are  fuppofed  to  meet  with 
little  or  no  refinance. 


than 
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than  thfy  ^e^lly  are,  and  the, ncar^jr  they  are  to  the  horizon 
the  greater  the  refrai^ioii,  or  diiTerence  between  their  ap-^ 
parent  and  true  altitudes  will  be  ; at  nwn  the  refraction  is 
the  leaft.  The  fun  and  the  moon  appear  (if  an  oval  hgiire. 
fometimes,  near  the  horizon,  by' reafon  of  refraCtion  ; for 
the  under  fide  being  mor-v,  rcfraCled  than  tire  upper,  the  per- 
pendicular diameter  will  h^^jl^^fs  thiui  the  horizontal  one, 
w'hich  is  not  affe6te<l' by,  refraction. 

Refraction  is  variable  according  to  the  different  denfity 
of  the  air  ; hence  it  happens,  that  we  fometimes  are  able  to 
fee  the  tops  pf  mountains,  towers,  or  fpires  of  churches* 
which  at  other  times  are  invifible,  though  we  ftand  in  the 
fame  place.  The  ancients  knew  nothing  of  refraCtion,  the 
6rft  who  compofed  a table  thereof  was  Tycho  Brahe. 

The  fun’s  meridian  altitude  on  tlie  longefl  day  decrcafes 
from  the  tr.opic  of  Cancei*,  to  the  north  pole  ; and  in  |:he 
tonid  zone,\vhe«  the  fun  js  vertical  -there  is  no  refraCfion  j 
hence  the  refraCfion  i^  the.  leafl  in  the- torrid  zone,  and 
gre'ateft  at  Ifhe  poles.’  VareniuB,  in  his  geography',  fpeaking 
of  the  w’intering  of  the  Dutch  in  Noya  2Sembla,  latitude  76'* 
north,  in  the  year  159^,  fays  they  favv  the  fun  in  the  year 
1 597  fix  days  fooner  than  they  would  have  feep  him,  had 
there  been  i?o  refraClion. 

86.  Ancji.e  of  PosiTiqji  between  two  places  on  the 
tt'Trejfrial  globe,  is  .an  ingle  at.  the  zenith  of  one.  of  the 
placeSj^  foriped  by  the  bral's  me»-idiaa,  and  the  qua<irant  of 
altitude  palling  through  the  other  place,  and  is  meafured 
on  tlie  horizon. 

87.  Rhumbs  are  the  divifions  of  the  .horizon  into  32 

parts,  called  the  points  of  the  compafs.  The  ancients  * 
were  acquainted  only  with  the  four  cardiii'al  points,  and 
tlie  wijid  was  faid  to  blo-w'  from  that  point  to  which  it  was 
ueareft.-  .0.  ,1  * ■ , . b; 

A Rhumb  line,  geometrically  fpeaking,. .is  a loxodromic 

or  Ipiral  curve,  drawn  or  fuppofed  to  be. drawn  upon  the 
earth,  fo  as  to  cut  each  meridian  at  the  fame  angle,  called 
the  proper  angle  of  tht  rhumb.  If  this  line  be  continued. 


• Pliny’s  Nat.  Hift.  Lib.  II.  chap.  47. 
(r 
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It  will  never  return  into  itfclf  fo  as  to  foan  a circle,  except 
it  happens  to  be  due  eaft  and  weft,  or  due  north  and  fouth"*; 
and  it  can  never  be  a right  line  upon  any  map,  except  tbs' 
meridians  be  parallel  to  each  other,  as  in  Mercator’s  and  tbc 
plane  chart.  Hence  the  difficulty  of  finding  the  true  bear- 
ing between  two  places  on  the  terreftrial  globe,  or  on  any 
map  but  thofe  above  mentioned.  The  bearing  found  by  a 
quadrant  of  altit  ude  on  a globe,  is  the  only  meafure  of  a 
fphcrical  an^iC  upon  tlie  furface  of  that  globe,  as  defined 
hy  t\i&  angle  of  potion,  and  not  the  real  bearing  or  rhumb, 
ias  fhervn  by  the  compafs  : for,  by  the  compafs,  if  a place  A 
bear  due  eaft  from  a place  B,  the  place  B will  bear  due  weft; 
from  the  place  A ; but  this  is  not  the  cafe  when  meafured 
.with  a quadrant  of  altitude. 

38.  The  Fixed  Staes  are  fo  called,  becaufe  they 
have  ufually  been  obferved  to  keep  the  fame  diftance  with 
refpedl  to  each  other  The  ftars  have  an  apparent  motion 
freWT'eaft  to  weft,  m 'cfrcles  parallel  to  the  equinoAial, 
arifing  from  the  revolution  of  the  earth  on  its  axis,  from 
weft  to  eaft ; and,  on  account  of  the  precefiion  of  the 
equinoxes,  their  longitudes  increafe  about  50J  feconds  in  a 
year ; this  likewife  caufes  a variation  hi  their  declinations 
;and  right  afcenliqns : their  latitudes  are  alfo  fubjeft  to  a 
finall  variation-  . , - 

89.  The  Poetical  Rising  and  Sk-tting  of  the, 
1Sta-s.s,  fo  called  becaafe  they  are  takeh  notice  of  by  the 
ancient  poets,  who  ruftrrbd  the  rifing  and  fetting  of  the 
ftars  to  the  fim.  Thus,  when  a ftar  rofe  \vith  the  fun,  or 
fet  when  the  fun  roic,  it  was'faid  to  rife  and  fet  Cosmi- 
.CALLY.  When  a ftar  rofe  at  fun-fetting,  or  fet  with ^ the 
fun,  it  was  faid  to  rife  and  fet  AcHROsiCALa-Y.  When  a 
ftar  firft  became  vliTble  in  the  morning,  after  having 
been  fo  near  the  fun  as  to  be  hid  by  the  fplendonr  of  liis 
rays,  it  was  faid  to  rise  Heliacally  ; and  when  a ftar 
firft  became  invifible  in  the  evening,  on  account  of  its  ncar- 
nefs  to  the  fun,  it  was  faid  to  set  Heliacally. 

90.  A Constellation  is  an  affemblage  of  ftars  on  the 
fiuface  of  the  celeftial  globe,  circumferibed  by  the  outlines 
of  fome  aflumed  figure,  as  a ram,  a dragon,  a bear,  See. 

This 
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This  divifion  of  the  ftars  into  conftellations  is  neceflary,  in 
order  to  direft  a perfon  to  any  part  of  the  heavens  where  a 
particular  ftar  is  lituated. 

Tlie  following  Tables  contain  all  the  conftellations  on  the  Ne-zu  Britijb 
Globes.  The  northern  conftellations  are  in  number  34  ; the  fouthern  47  ; 
the  aodiacal  conftellations  are  I2;  amounting  in  the  whole  to  93.  7 he 

largeft  ftars  are  called  ftars  of  the  firft  magnitude  ; thofe  of  the  fixth  magni- 
tude are  the  fmalleft  that  can  be  feen  by  the  naked  eye.  The  number  of 
ftars  in  each  conllellation,  except  thofe  marked  with  afterilks,  are  taken 
from  Flamftead. 


I.  Constellations  in  the  Zo- 

Nurrt- 

Names  of  the  principal 

DlAC,  generally  called  the  Signs  of  the 

her  of 

Stars,  and  their  Mag- 

• ’Zodiac. 

Stars. 

nitudes. 

I.  Aries,  The  Ram. 

66 

Arietis  a. 

f Aldcbaran  i. 

2.  Taurus,  The  Bull. 

141 

<The  Pleiades. 
C 'l  he  Hyadcs. 

3.  Gemini,  The  Tivint. 

85 

Caftor  and  Pollux  i.i. 

4.  Cancer,  The  Crab. 

83 

5.  Leo,  The  Lion.  - • 

95 

CRegulus,  or  Lion’s 
1 Heart  i. 

• 6.  Virgo,  The  Virgift. 

no 

C.Spica  Virginis  i. 
^Vendcmiatrix  7,.  ' 

7.  I.ibra,  The  Balance. 

51 

8.  Scorpio,  ‘Tht  Scorpion, 

44 

Antares  i. 

9.  Sagittarius,  The  Archer. 

69 

10.  Capricornus,  The  Goat. 

51 

ti.  Aquarius,  The  Water-bearer. 

108 

Scheat.  3. 

XI.  Pifces,  The  Fijhes. 

113 

■T.  ■’  ii  i.'..'-./  , . 

.'.I  ■ J;  i , — : . ; . ■ 
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THE  NORTHERN  CONSTELLATIONS. 

11.  Co  NS  I'ELLATIONS  NORTH  OF 

idum- 

Names  of  the  principal 

THE  ZODIAC  ibat  rife  marly  in  tbe  eaji 

her  of 

Stars  and  their  Mag- 

and fel  nearly  in  the  zvejl,  at  LONDON. 

flars. 

nitude. 

I.  * Mon«  Msnalus,  The  mountain 

Meenalus,  - - * ' 

II 

1.Set\ies.s,Theferfent, 

f 

3.  Serpentarius,  ‘The  fepent-bearer, 

4.  • Taums  Poniatowfki,  Bull  of  Po- 

74 

Ras  Alhagus,  2. 

niatonv[ki,  - - - 

7 

5.  * Scutum  Sobidki,  Sobiejhts Jbieldy 

8 

, C Aquila,  The  eagle,! 
^Antinous,  5 

71 

Altair,  i. 

7.  Equulus,  The  little  borfe. 

10 

HI.  Constellations  north  of 
THE  zodiac  that  rife  to  the  north 
of  the  eaf,  and  set  to  the  north  of  the 

Num- 
ber of 
flars. 

Names  of  the  principal 
Stars  and  their  Mag. 
nitude. 

a/ LONDON. 

1.  Leo  Minor,  The  little  Lion, 

2.  Coma  Berenices,  Berenice  s hair, 
CAfterioa  et  Chara,  vel.  Canes'? 

The  greyhounds,  y 

4.  Bootes,  - - - 

5.  Corona  Borealis,  The  northern  crozvn, 

, C Hercules,  - - 7 

\ Cerberus,  The  three-headed  Dog,  ^ 

53 

43 

35 

Dcneb,  2. 

Ar6lurus,  i.  Mirach,  3. 

54 

21 

113 

Alphacca,  2. 

Ras  Algetlii  3 in  the 

head  of  Hercules. 

7.  Lyra,  TIse  harp. 

2t 

Vega,  I. 

8.  Vulpecula  et  Anfer,  The  Pox  and 

Goofe,  _ _ _ 

3'.5 

9.  Sagitta,  TiJi  arrow, 

18 

lO.  Delplnnus,  The  Dolphin, 

18 

1 1.  Pegalus,  The  flying  diorfe. 

89 

Markab,  2.Scheat,  2. 

\2.  Andromeda, 

66 

Mirach,  2.  Almaach,  2. 

13.  Triangulum,  The  Triangle, 

14-  Triangulum  Minus,  The  little  Tri- 

II 

• 

1 

1 

5 

15.  * Mufea,  The  Fly, 

6 

— <1 

C 
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IV.  CoN.STELLATlONS  NORTH  OF 
the  zodiac,  the  ixibole,  or  greater 
fart  of  •whichf  do  not  fet  in  the  latitude 

Num- 
ber of 
fiars. 

Names  of  the  principal 
Stars  and  their  Mag- 
nitude. 

of  LONDON. 

1.  Urfa  Minor,  The  little  Bear, 

24 

Pole  Star,  2. 

%.  Urfa  Major,  the  great  Bear, 

87 

Dubhe,2.  Alioth,  2. 
Benetnach,  2. 

3.  • Cor  Caroli,  Charles's  Heart, 

3 

4.  Draco,  The  Dragon, 

So 

Railaben,  2. 

' 5.  Cygnus,  The  Swan, 

81 

Deneb  Adige,l. 

6.  JLacerta,  The  Lizard, 

16 

1 7.  Cepheus,  - - - 

3J 

Alderamin,  3. 

' 8.  Cafiiopeia, 

J5 

Schedar,  3. 

C Perfeus,  - - 7 

4 Caput  Medufe,  Head  of  Medvfa,  ^ 

59 

5 Algenib,  2. 
i Algol,  2. 

10.  Catneleopardalu^,  The  Camcleopard, 

58 

II.  Auriga,  Charioteer  or  Waggoner, 

66 

Capella,  i. 

12.  Lynx,  The  Lynx, 

44 

THE  SOUTHERN  CONSTELLATIONS. 

VI  Constellations  south  of  the 

Num- 

Names  of  the  principal 

ZO'D\AC,  that  rife  nearly  in  the  eaf,and 

her  of 

Stars  and  their  Mag- 

fet  nearly  in  the  'wef,at  LONDON. 

fars. 

nitude. 

I.  Cetus,  The  Whale, 

97 

Menkar,  2. 

2.  'E.rAi\Mi,Tbe  river  Po, 

84 

Acherner,  i. 

3.  Orion, 

78 

CBellatrix,  2.  Betel- 
X guefe,  I.  Rigel,i. 

4.  Monoceros,  The  Unicorn, 

31 

5.  Canis  Minor,  The  little  Dog, 

14 

Procyon,  i. 

6.  Hydra,  - 

60 

Cor  Hydra.T. 

7.  Sextans, 

41 

VI.  Constellations  south  OF  the 
ZODIAC,ri/f#  rife  tothefouth  of  theeaf, 
and  fet  to  the  fouth  of  the  luef,  at 

Num- 
ber of 
Stars. 

Names  of  the  principal 
Stars  and  their  Mag- 
nitude. 

LONDON. 

I.  * Microfcopium,  The  Mkr-ofcope"^ 

1 2.  Pifcis  Notius  vel  Auilralis,  The 

10 

fouthern  Fijh, 

3.  * OflScina  Sculptoria,  The  Sculptor  s 

24 

Fomalhaut,  i. 

fhop,  - - 

12 

4.  * F ornax  Chemica,  The  Furnace, 

5.  • Brandenburgium  Sceptrum,  The 

14 

Sceptre  of  Brandenburg, 

3 

6.  Lepus,  J'be  Hare, 

19 

7.  * Columba  Noachi,  Noah's  Dove, 

10 

VI.  Con- 


Chap.  I 


DEFINITIONS,  &C. 


*7 


VI.  Constellations,  &c.  continued. 

8.  Canis  Major,  The  Great  Dog, 

9.  * Pyxis  Nautica,  The  Mariner  t 

31 

L 

Sirius,  I, 

Compafs, 

4 

IO.*Machina  Pneumatica,  The  Air  Pump, 

3 

1 1.  Crater,  The  Cup  or  Goblet, 

31 

Alkes,  3. 

I a.  Corviis,  T]6f  Croif, 

9 

Algorab,  3. 

VII.  Constellations  south  or 

Names  of  the  principal 
Stars  and  their  Mag- 
nitude. 

THE  ZODIAC,  the  nvhole,  or  greater 
part  of  lubicb,  do  not  rife  in  the  latitude 

Mum- 
ber  of 
fiars. 

of  LONDON. 

I.  Centaurus,  The  Centaur, 

.35 

a.  Lupus,  The  (Volf, 

3.  * Norma,  vel  Quadra  Eudidis. 

i4 

Euclid' j Square, 

12 

4.  * Circinus,  The  Compajfet, 

5.  • Triangulum  Auftrale,  The  fotithern 

4 

Triangle, 

5 

6.  * Cru.T,  The  Croft, 

7.  * Mufca  Auftralis,  vel  Apis,  The 

5 

fouthern  Ely,  or  Bee, 

4 

8.  * Chamoeleon,  The  Caiaelton, 

10 

9,  Aja,  Toe  Altar, 

9 

lo.  Telefcopium, 

9 

1 1 . CoronaAuftralis,  The  fouthern  Crown, 

12 

12.  • \nA\iS,Tbe  Indian,  - >• 

12 

13.*  Grus,  The  Crane, 

13 

14.  * Pa  VO,  The  Peaeoci, 

14 

15.  * Apus,  vel  Avis  Indica,  The  bird\ 

of  Patadife, 

16.  * Odans*  'HadIeianus,  Hailey  t Oe- 

II 

tant,  - “ - 

43 

17.  * Phoenix, 

13 

18.  * Horologium,  The  Clock, 

19.  * Reticulus  Rhomboidalis,  The 

IZ 

RbotnboiJal  Met,  - 

10 

20.  • Hydrus,  The  IVater-fnake, 

21.  * Touchan,  The  American  Goofe, 

22.  * Mons  Menfe,  77’f  TaWf  Afoun/ii/«, 

10 

9 

30 

23.  * Praxiteles,  vel  Cela  Sculptoria,  The 

Graoxert'  or  Engravers'  Tools, 

24.  • Equnleus  Pidorius  The  Painter  s 

16 

Eafel, 

8 

25.  *Dorado,  or  Xiphias,  The fword Fifh, 

6 

Canopus,  i. 

26.  Argo  Navis,  The  Ship  Argo, 

64 

27.  • Pilcis  Volans,  The  f png  Fish, 

28.  * Robur  Caroli,  Charles's  Oak, 

8 

12 

- 
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Tt  has  been  remarked  in  the  13th  definition  (page  4),wliere  Tome  account 
«f  the  origin  of  the  twelve  figns  of  the  zodiac  is  given,  that  the  Chaldeans 
and  Egyptians  regiflered  the  events  of  their  hiflories,  among  the 
liars  by  emblematical  figures,  and  that  this  method  was  followed  by  the 
Greeks  and  the  Romans ; though  the  hiftory  of  many  of  the  conftellatiors 
he  involved  in  fable,  an  ahllradl  of  the  inoft  general  received  opinions  of 
their  origin  may  not  be  uninterefting. 

I.  THE  NORTHERN  CONSTELLATIONS. 

Mons  Mknalus,  The  mountain  Mffinalus  in  Arcadia  was  facred 
to  the  god  Pan, -and  fr|5quented  by  fhepherds  ; it  received  its  name  from 
Ma:nalns,a  fon  of  Lycaon  king  of  Arcadia. 

Serpens  is  alio  called  Serpens  Ophiuebi,  being  grafped  by  the  hands  of 
Ophhichus. 

Serpentarius,  OpbUtchus,  or  JEj'culapius^  is  reprefented  with  a large 
beard,  and  holding  in  his  two  hands  a lerpent.  1 he  ferpent  was  the 
fymbol  of  medicine,  and  of  the  gods  who  prefided  over  it,  as  Apollo  and 
^fcula^ius,  becaufe  the  ancient  phyficians  ufed  ferpents  in  their  pre- 
fer! ptions. 

Taurus  Poniatowski  was  fo  called  in  honour  of  Count  Ponia- 
towlki,  a Polish  officer  of  extraordinary  merit,  who  saved  the  life  of 
Charles  XII.  of  Sweden,  at  the  battle  of  Pultowa,  a town  near  the 
Dnieper,  about  150  miles  fouth-eaft  of  Kio>v  ; and  a fecond  time  at  the 
ifiand  of  Rugen,  near  the  mouth  of  the  river  Oder. 

Scutum  Sobieski  was  fo  named  by  Hevelius,  in  honour  of  John 
Sohiefki,  king  of  Poland.  Hevelius  was  a celebrated  aftronomer,  born  at 
Dantzick,  his  catalogue  of  fixed  liar*  was  uititled  Firmamentum  So- 
i 'u'fkianum,  and  dedicated  to  the  king  of  Poland. 

Aquila  is  fuppofed  to  have  been  Alcrops,  a king  of  the  Hland  of 
Cos,  one  of  the  Cyclades;  who,  according  to  Ovid,  w,os  changed  into  an 
eagle,  and  pLiced  among  the  conftellations. 

Antinous  was  a youth  of  Bitbynia  in  Alia  Minor,  a great  favourite 
of  the  emperor  Adrian,  who  erefled  a temple  to  his  memory,  and  placed 
him  among  the  contlellatkms. — ^Antinbus  is  generally  reckoned  a part  of 
the  conllelLition  Aquila. 

Equulus,  the  little  horfe,  or  Scclio^  the  horfe’s  head,  is  fup- 

pofed  to  be  the  brother  of  Pegafus. 

Leo  Minor  was  formed  out  of  the  Stella  Informes,  or  unformed 
ftars  of  the  ancients,  and  placed  above  I.eo  the  zodiacal  conftcllation. 
According  to  the  Greek  Fables,  Leo  was  the  celebrated  Nema’an  lion 
which  had  dropped  from  the  moon,  but  being  (lain  by  Hercules,  was 
elevated  to  the  heavens  by  Jupiter,  in  commemoration  of  .the  dreadful 
■conflict,  and  in  honour  of  that  hero.  But  this  conftellation  w’as  amongit 
the  Egyptian  hieroglyphics,  long  before  the  invention  of  the  fables  of 
Hercules.  See  the  notes  on  definition  15th,  page  5.  Nemiea  was  a town  of 
Argolisin  PeloponneEis,  and  was  iufefted  by  a lion  which  Hercules  flew, 

and 
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and  doathed  himle  f in  the  Itin  : games  were  inftituted  to  comntcniiSTatf 
this  great  event. 

Coma  Berenices  is  compofed  of  the  unformed  rtars,  between  the 
Lion’s  tail  and  Bootes.  Berenice  was  the  wife  of  Kvergetes,  a (iniame 
lignifying  benefactor ; when  he  went  on  a dangerous  expedition,  ihe 
.,  Vowed  to  dedicate  her  hair  to  the  goddel's  Venus  if  he  returned  in  fafety. 
yome  time  after  the  victorious  return  of  Evergutes,  the  locks  which  were 
in  the  temple  of  Venus,  difappeared;  and  Conon,  an  allronoiuer,  publicly- 
reported  that  J upiter  had  carried  them  away,  and  made  them  a conltella- 
tion. 

Asterion  et  ciiAR.t,  W Canes  Venatici,  the  tw'o  greyhounds, 
held  in  a ilring  by  Bootes;  they  were  formed  by  Mevelius  out  of  the 
Stcl/a  Informes  of  the  ancient  catalogues. 

Booi'Es  is  fuppofed  to  be  Areas,  a fon  of  Jupiter  and  Calilto;  Juno 
who  was  jealous  of  J upiter,  changed  Calillo  into  a bear ; fhe  was  near 
being  killed  by  her  fon  Areas  in  hunting.  Jupiter  to  prevent  fanlier  in- 
jury from  the  huntfmen,  made  Calilto  a conllcllation  of  heaven,  and  on 
the  death  of  Areas,  conferred  the  fame  honour  on  him.  Bootes  is  repre- 
fented  as  a man  in  a walking  poOure,  grafting  in  his  left  hand  a club, 
and  having  his  right  hand  extended  upwards,  holding  thb  cord  of  the  two 
dogs  Afterion  and  Chara,  which  feem  to  he  b.irking  at  the  Great  Bear  ; 
hence  Bootes  is  fometimes  called  the  bear-driver,  and  the  office  alfigned 
him  is  to  drive  the  two  bears  round  about  the  pole. 

Corona  Borealis  is  a beautiful  crown  given  by  Bacchus,  the  fon 
of  Jupiter,  to  Ariadne,  the  daughter  of  Minos,  fecond  King  of  Crete. 
Bacchus  is  faid  to  have  married  Ariadne  after  (lie  was  bafely  deferted  by 
'1  hefeus,  king  of  Athens,  and  after  lier  death  the  crown  which  Bacchus 
had  given  her  was  m.tde  a conftellation. 

Hercules  is  reprefented  on  the  celeftial  globe  holding  a club  in  his  * 
right  hand,  the  three-headed  dog  Cerberus  in  his  left,  and  the  fkin  of  the 
Nemaean  Lion  thrown  over  his  fhoulders.  Hercules  was  the  fon  of  Jupiter 
and  Alcmena,  and  reckoned  the  moft  famous  hero  in  amenity. 

Cerberus  was  a dog  belonging  to  Pluto,  the  god  of  the  infernal 
regions : this  dog  had  fifty  heads,  according  to  Hefiod,  and  three  accord- 
ing to  other  mythologifts,  he  was  ftationed  at  the  entrance  of  the  infer- 
nal regions,  as  a watchful  keeper,  to  prevent  the  living  from  entering, 
and  the  dead  from  efcaping  from  their  confinement.  T he  laft  and  moft 
druigerous  exi'.loit  of  Hercules  was  to  drag  Cerberus  from  the  infernal 
regions,and  bring  him  before  Eurylthcus,  king  of  Argos. 

Lyra,  the  lyre  or  harp,  is  included  in  Vuluir  Cadens.  This  conftella- 
tioii  w.ts  .It  firft  a tortoife,  afterwards  a lyre,  becaufe  the  ftrirtgs  of  the  lyre 
were  origiiially  fixed  to  the  fhell  of  a tortoife  : it  is  afferted  that  this  is  the 
lyre  which  Apollo  or  Mercury  gave  to  Orpheus,  and  with  which  he  de- 
feended  the  infernal  regions,  ill  fcarch  of  his  wife  Eurydice.  Orpheus 
after  death  received  divine  honours,  the  mufes  gave  an  honourable  burial  to 
his  remains,  ami  his  lyre  became  one  of  the  conftellation.s. 

Vui.pecul.a  et  Anser,  the  Fox  and  the  Goofe,  was  ni.ide  by  • 
Ilcvelius  out  of  the  unformed  liars  of  the  ancients. 
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• Sagitta,  the  Arrow.  The  Greeks  fay  that  this  copfteilation  owes 
its  origin  to  one  of  the  arrows  of  Hercules,  with  which  he  killed  the 
eagle  or  vulture  that  perpetually  gnawed  the  liver  of  Prometheus,  whe 
was  tied  to  a rock  on  Mount  Caucafus,  by  order  of  Jupiter. 

Delphinus,  the  dolphin,  was  placed  among  the  conftellations  by 
Neptune,  becaufe  by  means  of  a dolphin  Amphitrite  became  the  wife  of 
Neptune,  though  Ihe  had  made  a vow  of  perpetual  celibacy. 

Pegasus,  the  winged  horfe,  according  to  the  Greeks  fprung  from  the 
blood  of  the  Gorgon  Medufa,  after  Perfeus,  a fon  of  Jupiter,  had  cut  off 
her  head.  Pegafus  fixed  his  refidence  on  mount  Helicon  in  Boeotia, 
where,  by  ftriking  the  earth  with  his  foot,  he  produced  a fountain  called 
Hippocrene.  He  became  the  favourite  of  the  Mufes,  and  being  after- 
wards tamed  by  Neptune,  or  Minerva,  he  was  given  to  Bellerophou  t« 
conquer  the  Chimasra,  a hideous  monfter  that  continually  vomited  fiames  5 
the  foreparts  of  its  body  were  thofe  of  a lion,  tlie  middle  was  that  of  a 
goat,  and  the  hinder  parts  were  thofe  of  a dragon  ; it  had  three  heads, 
viz.  that  of  a lien,  a goat,  and  a dragon.  After  the  deftru£tion  of  thi* 
monller,  Bellerophon  attempted  to  fly  to  heaven  upon  Pegafus,  but 
Jupiter  fent  an  infeft  which  flung  the  horfe,  fo  that  he  threw  down  the 
rider.  Bellerophon  fell  to  the  earth,  and  Pegafus  continued  liis  flight  up 
to  heaven,  and  was  placed  by  Jupiter  among  the  conftellations. 

Andromeda  is  reprefented  on  the  celeftial  globe  by  the  figure  of  a 
woman  almoft  naked,  having  her  arms  extended,  and  chained  by  the 
wrift  of  her  right  arm  to  a rock.  Slie  was  the  daughter  of  Cepheus,  king 
of  Ethiopia,  who,  in  order  to  preferve  his  kingdom,  was  obliged  to  tie 
her  naked  to  a rock  near  Joppa,  now  Jafta,  in  Syria,  to  be  devoured  by 
« fea-monfter  ; but  fhe  was  refeued  by  Perfeus,  in  his  return  from  the 
conqueft  of  the  Gorgons,  who  turned  the  monfter  inter  a rock  by  ftiewing 
it  the  head  of  Medufa.  Andromeda  was  made  a conftellation  after  her 
death,  by  Minerva. 

Triangulum  A triangle  is  a well  known  figure  in  geometry,  it 
was  placed  in  the  heavens  in  honor  of  the  moll  fertile  part  of  Egypt, 
being  called  the  delta  of  the  Nile,  from  its  refemblance  to  the  Greek  letter 
of  that  name  A.  The  invention  of  geometry  is  ufually  aferibed  to  the 
Egyptians,  and  it  is  afferted  that  the  annual  inundations  of  the  Nile 
which  fvvept  away  the  bounds  and  land-marks  of  eftates,  gave  ocafion  to 
it,  by  obliging  the  Egyptians  to  confider  the  figure  and  quantity  belong- 
ing to  the  feveral  proprietors. 

Ursa  Major  is  laid  to  be  Califto,  an  attendant  of  Diana  the  goddefs 
of  hunting.  Califto  was  changed  into  a bear  by  Juno. — See  the  Con- 
Jiellation  Bootes. — It  is  farther  Hated  that  the  ancients  reprefented  Urfa 
Major  and  Urfa  Minor,  each,  under  the  form  of  a waggon,  drawn  by  a 
team  of  horfes.  Urfa  Major  is  well  known  to  the  country  people  at  this 
day  by  the  title  of  Charles's  Wain  or  waggon ; in  fome  places  it  is  called 
the  Plough.  1 here  are  two  remarkable  liars  in  Urfa  Major,  conlidered 
as  the  hinrtmoll  in  the  fquare  of  the  wain,  called  the  pointers,  becaufe  an 
imaginary  line  drawn  through  thefe  liars  and  extended  upwards  will  pafs 
near  the  pole-ftar  in  thq  tail  of  the  Litde  Bear. 
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Cor  Caroli,  or  Charles’s  heart,  in  the  neck  of  Chara,  the  fouthern- 
moft  of  the  two  degs  held  in  a ftring  by  Bootes,  was  lb  denominated  by 
Sir  Charles  Scarborough,  phylician  to  king  Charles  II,  in  honour  of 
king  Charles  I. 

Draco.  The  Greeks  give  various  accounts  of  this  conftellation ; 
by  fome  it  is  reprefented  as  the  watchful  dragon  which  guarded  the  golden 
apples  in  the  garden  of  the  Hefperides,  near  mount  Atlas  in  Africa : and 
was  (lain  by  Hercules  : Juno,  who  prefented  thel'e  apples  to  Jupiter  on 
the  day  of  their  nuptials,  took  Draco  up  to  heaven,  and  made  a con- 
llellation  of  it  as  a reward  for  its  faithful  fervices  ; others  maintain,  that 
in  a war  with  the  giants  this  dragon  was  brought  into  combat,  and  op- 
poled  to  Minerva,  who  feized  it  in  her  hands  and  threw  it,  twilled  as  it 
was,  into  the  heavens  round  the  axis  of  the  earth,  before  it  had  time  to  un- 
wind its  contortions. 

Cycnus  is  fabled  by  the  Greeks  to  be  the  fwan  under  the  form  of 
which  Jupiter  deceived  Leda,  or  Nemelii,  the  wife  of  Tyndarus,  king-  of 
Daconia.  Leda  was  the  mother  of  Pollux  and  Helena,  the  moll  beautiful 
woman  of  the  age ; and  alfo  of  Callor  and  Clytemnellra.  1 he  two  for- 
mer were  deemed  the  offspring  of  Jupiter,  and  the  others  claimed  Tya- 
darus  as  their  father. 

Lacbrta,  the  lizard,  was  added  by  Hevelius  to  the  old  conllclU- 
tions. 

Cassiopeia  was  the  wife  ofCepheus,  and  mother  of  Andromeda.  Ste 
theft  conjhllations , as  alfo  Cetus. 

Cepheus  was  a king  of  .Ethiopia,  and  the  father  of  Andromeda  by 
Cafllopeia ; Cepheus  was  one  of  the  Argonauts  who  went  with  J albn  to 
Colchis  to  fetch  the  golden  fleece. 

Perseus  is  reprefented  on  the  globe  with  a fword  in  his  right  handj 
the  head  of  Medufa  in  his  left,  and  wings  at  his  ancles.  Perfeus  was 
the  fon  of  Jupiter  and  Danae.  Pluto,  the  god  of  the  infernal  regions, 
lent  him  his  helmet,  which  had  the  power  of  rendering  its  bearer  in- 
vifible ; Minerva,  the  goddefs  of  wifdom  furnifhed  him  with  her  buckler, 
which  was  refplendent  as  glafs  ; and  he  received  from  Mercury  wings  and 
a dagger  or  Iword  ; thus  equipped,  he  cut  off  the  head  of  Medufa,  and  from 
the  blood  which  dropped  from  it  in  his  palfage  through  the  air,  fprang  an 
innumerable  quantity  of  lerpents  which  ever  after  infefled  the  fandy 
del'erts  of  Libya.  Medufa  was  one  of  the  three  Gorgons  who  had  the 
power  to  turn  into  flones  all  thofe  on  whom  they  fixed  their  eyes; 
Medufa  was  the  only  one  fubjeft  to  mortality,  Ihe  was  celebrated  for  the 
heauty  of  her  locks,  but  having  violated  the  fandlity  of  the  temple 
of  Minerva,  that  goddefs  changed  her  locks  into  ferpents.  See  the  con- 
flellation  Andromeda, 

Ca.meleopardalus  was  formed  by  Hevelius.  The  Cameleopard 
is  remarkably  tame  and  tradlable ; its  natural  properties  refemblc  thole  of 
the  camel,  and  its  body  is  variegated  with  fpots  like  the  leopard.  This 
animal  is  to  be  found  in  Ethiopia  and  other  parts  of  Africa,  its  neck  is 
about  feven  feet  long,  its  fore  and  hind  legs  from  the  hoof  to  the  fecond 
joint  are  nearly  of  the  fame  length  ; but  from  the  fecond  joint  of  the 
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legs  to  the  body,  the  fore  logs  _are  fo  long  in  compaiifon  with  the  hind 
ones,  that  the  b«)dy  feems  to  Hope  like  the  roof  of  a houl'e. 

Aouiga  is  reprcfented  on  the  celeffial  globe,  by  the  figure  of  a man 
ill  a kneeling  or  fitting  pofture,  with  a goat  and  her  kids  in  his  left 
hand  and  a bridle  in  his  right.  The  Greeks  give  various  accounts  of 
this  conftellation  ; feme  fiippofe  it  to  be  Erichthonius,  the  fourth  king 
of  Athens,  and  fon  of  Vulcan  and  Minerva;  he  was  very  deformed,  and 
his  legs  refembled  the  tails  of  ferpents ; he  is  faid  to  have  invented  cha- 
riots and  the  manner  of  harnefiing  horfes  to  draw  them.  Others  fay 
that  Auriga  is  Miitilus,  a fon  of  Mercury  and  Phaetufa  he  was  chari- 
oteer to  (Enomaus,  king  of  Pifa,  in  Elis,  and  fo  experienced  in  riding 
and  the  management  of  horfes,  that  he  rendered  thofe  of  Qinomaus 
the  fwifteft  in  all  Greece;  his  infidelity  to  his  mafter  proved  at  l.ift 
fatal  to  him,  but  being  a fon  of  Mercury,  lie  was  made  a conftellation 
after  his  death.  But  as  neither  of  ihefe  fables  feem  to  account  for  the 
goat  and  her  kids,  it  has  been  fuppofed  that  they  refer  to  Amalthtea, 
(laughter  of  MelifTus,  king  of  Crete,  who,  in  conjundlion  with  her  fifter 
Melifla, fed  Jupiter  with  goats  milk;  it  is  moreover  faid  that  Amaltha'a 
was  a goat  called  Olenia,  from  its  refidence  at  Olenus,  a town  of 
Peloponnefus. 

The  Lynx  was  compofed  by  Hevelius  out  of  the  unformed  ftars  of 
the  ancients,  between  Auriga  and  Urfa  Major. 


II.  THE  SOUTHERN  CONSTELLATIONS. 

Cetus,  the  whale,  is  pretended  by  the  Greeks,  to  be  the  fea-monfter 
which  Neptune,  brother  to  Juno,  fent  to  devour  Andromeda;  becaufe 
her  mother,  Cafliopeia,  h.;d  boafied  hcrfelf  to  be  fairer  than  Juno  and 
the  Nereides. 

Eridanus,  the  river  Po,  called  by  Virgil  the  king  of  rivers,  was 
placed  in  the  heavens  for  receiving  Phaeton,  whom  Jupiter  ftruck  with 
thunder  bolts  when  the  earth  was  threatened  with  a general  ccnflagration, 
through  the  ignorance  of  Phaeton,  who  had  prefumed  to  be  able  to 
guide  the  chariot  of  the  fun.  The  Po  is  fometimes  called  Orion’s 
river. 

Orion  is  reprefented  on  the  globe  by  the  figure  of  a man  with  a 
fword  in  his  belt,  a club  in  his  right  hand,  and  the  Ikin  of  a lion  in  his 
1 eft  ; he  is  faid  by  fome  authors  to  be  the  fon  of  Neptune  and  Euryale,  a 
famous  huntrefs;  he  pofTcfled  the  difpofition  of  his  mother,  became  the 
greateft  hunter  in  the  world,  and  boafied  that  there  was  not  any  animal 
on  the  earth  which  he  could  not  conquer.  Others  fay,  that  Jupiter,  Neptune, 
and  Mercury,  as  they  travelled  over  Bxotia,  met  with  great  hofpitality 
from  Hyrieus,  a pcafant  of  the  country,  who  was  ignorant  of  their  dignity 
and  charaftcr.  When  Hyrieus  had  difeovered  that  they  were  gods, 
he  welcomed  them  by  the  voluntary  facrifice  of  an  cx.  Plcafed  with  his 
piety,  the  geds  proraifed  to  grant  him  whatever  he  required,  and  the 
old  man  who  had  lately  loll  his  wife,  and  to  whom  he  made  a promife 
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never  to  marry  again,  defired  them  that,  as  he  was  chilJlefs,  they 
would  give  him  a fon  without  obliging  him  to  break  his  promili-.  The  gods 
conl'euted,  and  Orion  was  produced  from  the  hide  of  the  ox. 

Monocekos,  the  Unicorn,  was  added  by  Hevelius,  and  compofed  of 
ftars  w hicli  the  ancients  had  not  compi  il'ed  within  the  outlines  of  tile  other 
conllellations. 

Canis  Minor,  the  Little  Dog,  according  to  the  8reek  fables  is  one  of 
Orion’s  hounds ; but  the  Egyptians  were  mod  probably  the  inventors  of 
this  conitcllation,  and  as  it  rifes  before  the  dog  liar,  which  at  a particuhir 
feafon  was  fo  much  dreaded,  'C  is  properly  reprefeuted  as  a little  watchful 
creature,  giving  notice  of  the  other’s  approach,  hence  the  Latins  have 
called  it  Antecanis,  the  ftar  before  the  dog. 

Hyura  is  the  water  ferpent  which  according  to  poetic  fable  infefted 
the  hike  Lerna  in  Peloponnefus : this  monlter  had  a great  number  of 
heads,  and  as  foon  as"  one  was  cut  oft',  another  grew  in  its  dead ; it  was 
killed  by  Hercules.  '1  he  general  opinion  is,  that  this  Hydra  was  only  a 
multitude  of  ferpents,  which  iiitelled  the  marflies  of  Lerna. 

.Sextans,  the  .'•extant,  a mathematical  inllruinent  well  known  to 
mariners,  was  formed  by  Hevelius  from  the  Stcllce  Jnformes  of  the  an- 
cients. 

Microscopium,  the  Microfeope, Is  an  opt'rcal  inftriiment  compofed  of 
lenfes  or  mirrors,  I'o  arranged  that  by  means  of  which  very  minute  objeCls 
may  be  clearly  and  diftiiuftly  viewed. 

Piscis  Australis,  the  fouthern  fifli,  is  fuppofed  by  the  Greeks  to 
be  Venus,  who  transformed  herfelfintoa  fifh,  toefcapefrom  the  terrible 
giant  Typhonu 

I.EFUs,  the  hare,  according  to  the  Greek  fables,  was  placed  near  Orioa*- 
as  being  one  of  the  animals  which  he  h-.m^ed. 

Canis  Major,  the  Great  Dog,  according  to  the  Greek  fables  is  one 
of  Orion’s  hounds  ; (See  Canis  Minor)  but  the  Egyptians,  who  c.irefully 
iPatched  the  riling  of  this  conllellation,  and  by  it  judged  of  the  fwelling  of 
the  Nile,  c.illed  the  bright  ftar  .Sirius  the  centinel  and  watch  of  the  year  ; 
and  according  to  their  hieroglyphicalmannor  of  writing  reprefented  it  under 
the  figure  of  a dog.  The  hgyjitians  called  the  Nile  and  hence  i.<t 

derived  the  name  of  their  deity  OJiris. 

CoRVus,  the  Crow,  was  according  to  the  Greek  fables  made  a conftella- 
tioii  by  Apollo;  this  god  being  jealous  of  Coronis  (the  daughter  of  Plilegyae 
and  mother  of  ./Efculapius)  fent  a crow  to  watch  her  behaviour ; the 
bird,  perciied  on  a tree,  perceived  her  criminal  partiality  to  Ifchys,  the 
'J  hefllillan,  and  acquainted  Apollo  with  her  conduct. 

Centaorus.  The  Centauri  were  a people  of  'I  helTaly,  half  men  and 
half  horl'es.  The  ThelTalians  were  celebrated  for  their  Ikill  in  taming 
horfes,  and  their  appearance  on  horfeback  w.is  fo  uncommon  a light  tSo 
the  neighbouring  Hates,  tliar  at  a diilance,  they  imagined  tlie  man  anil 
horfe  to  be  one  animal : when  the  Spaniards  landed  in  America  and 
appeared  on  horfeback,  the  Mexicans  had  the  fame  ideas.  This  con- 
ftellationisby  Ibme  fuppofed  to  reprefent  Chiron  Cenuur,  tutor  of 

c j ' ' Achilles 
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Achilles,  ^icukplus,  Hercules,  &c. ; but  as  Sagittarius  is  likewile  a 
Centaur,  others  have  contended  that  Chiron  isreprelented  by  Sagittarius. 

Crux,  Crusero  or  Crosier.  There  are  ifour  ftars  in  this  conftella- 
tlon  forming  a crofs,  by  which  mariners  failing  in  the  fouthera  hemif- 
phere,  readily  find  the  fituation  of  the  Antarftic  pole. 

Ara  is  fuppofed  to  be  the  altar  on  which  the  gods  fwore  before  their 
combat  with  the  giants. 

Argo  Navis  is  faid  to  be  the  fliip  Argo,  which  carried  Jafon  and 
the  Argonauts  to  Colchis,  to  fetch  the  golden  fleece. 

Robur  Caroli,  or  Charles’s  Oak,  wa.'>  fo  called  by  Dr.  Halley,  in 
memory  of  the  tree  in  which  Charles  II.  faved  bknfelf  from  his  purfuers 
after  the  battle  of  Worcefter.  Dr.  Halley  went  to  St.  Helena,  in  the 
year  1676,10  take  a catalogue  of  fuch  ftars  as  do  not  r’lfe  above  the  ho- 
riaon  of  London. 


91.  Galaxy,  via  lactea,  or  is  a whitifh» 

luminous  traft  which  feems  to  encompafs  the  heavens  like 
a girdle,  of  a confidei-able,  though  unequal  breadth,  vary- 
ing from  about  4 to  20  degrees.  It  is  compofed  of  an  in- 
finite number  of  fmall  ftars,  which  by  their  joint  light  oc- 
cafion  that  confufed  whitenefs  which  we  perceive  in  a clear 
night  when  the  moon  does  not  fliine  very  bright.  The 
Milky-way  may  be  traced  on  the  celestial  globe,  beginning 
at  Cygnus,  through  Cepheus,  Caffiopeia,  Perfeus,  Auriga, 
Orion’s  club,  the  feet  of  Gemini,  part  of  Monoceros,  Argo 
Navis,  Robur  Caroli,  Crux,  the  feet  of  the  Centaur,  Cir- 
cinus,  Quadra  Euclidis,  and  Ara  ; here  it  is  divided  into  two 
parts,  the  eaftern  branch  pafles  through  the  tail  of  Scorpio, 
the  bow  of  Sagittarius,  Scutum  Sobielki,  the  feet  of  An- 
tinbus,  Aquila,  Sagitta,  and  Vulpecula  ; the  weftern  branch 
pafles  through  the  upper  part  of  the  tail  of  Scorpio,  the 
right  fide  of  Serpentarius,  Taurus  Poniatowflei,  the  Goofe, 
and  the  neck  of  Cygnus,  and  meets  the  aforefaid  branch  in 
the  body  of  Cygnus. 

92.  Nebulous,  or  cloudy,  is  a term  applied  to  certain 
fixed  ftars,  fmaller  than  thofe  of  the  6th  magnitude,  which 
only  fhew  a dim  hazy  light  like  little  fpecks  or  clouds.  In 
Prsefepe  in  the  breaft  of  Cancer,  are  reckoned  36  little  ftars  ; 
F.  le  Compte  adds,  that  there  are  40  fuch  ftars  in  the  Plei- 
ades, and  2500  in  the  whole  Conftellation  of  Orion.  It 
may  be  further  remarked,  that  the  Milky-way  is  a continued 
aflemblage  of  Nebulae. 

93.  Bayer’s 
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93.  Bayer’s  Characters.  John  Bayer  of  Augfburg 
in  Swabia,  publifhed  in  1603,  an  excellent  work,  entitled 
Uranomeiriat  being  a complete  celeftial  atlas  of  all  the 
conftellations,  with  the  ufeful  invention  of  denoting  the  ftars 
in  every  conftellation  by  the  letters  of  the  Greek  and  Ro- 
man Alphabets  ; fetting  the  firft  Greek  letter  » to  the 
principal  liar  in  each  conftellation,  B to  the  fecond  in  mag- 
nitude, y to  the  third,  and  fo  on,  and  when  the  Greek  alpha- 
bet was  finilhed,  he  began  with  a,  hy  r,  &c.  of  the  Roman. 
This  ufeful  method  of  defcribing  the  ftars  has  been  adopted 
by  all  fucceeding  aftronomers  who  have  farther  enlarged  it 
by  adding  the  numbers,  i,  2,  3,  &c.  in  the  fame  regular 
fuccellion,  when  any  conftellation  contains  more  ftars  than 
can  be  marked  by  the  two  alphabets.  The  figures  are 
however  fometimes  placed  above  the  Greek  letter,  efpe- 
cially  where  double  ftars  occur,  for  though  many  ftars  may 
appear  fingle  to  the  naked  eye,  yet  when  viewed  through 
a telefcope  of  conliderable  magnifying  power,  they  appear 
double,  triple,  &c.  Thus,  in  Dr.  Zach’s  Tabulae  Mo- 
tuum,  Solis,  we  meet  with  f Tauri,  /3  Tauri,  y Tauri, 
Tauri,  Tauri,  &c. 

As  the  Greek  letters  fo  frequently  occur  in  catalogues  of  the  ftars 
and  on  the  celeftial  globes,  the  Greek  alphabet  is  here  introduced  for  the 
ufe  of  thofe  who  are  unacquainted  with  the  letters.  The  capitals  are 
feldom  ufed  in  tlie  catalogues  of  ftars,  but  are  here  given  for  the  fake  of 
regularity. 


THE  GREEK 

ALPHABET. 

Name. 

Sounds. 

A 

at 

Alpha 

a 

B 

Beta 

b 

r 

xr 

Gamma 

1 

A 

3 

Delta 

d 

K 

e 

Epfilon 

e Jhtri 

Z 

Zeta  . 

z 

H 

K 

Eta 

e lonr 

e 

Theta 

th 

I 

! 

Iota 

i 

K 

» 

Kappa 

k 

A 

X 

JLantbda 

1 

At 

(*■ 

IVIu 

m 

K 

y 

Nu 

n 

IS) 

V 

% 

X 

X 
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N^ame. 

Sound. 

0 

a 

Omicron 

0 Jbort 

n 

rt  -or 

Pi 

P 

p 

if 

Rho 

r 

s 

Cfi 

Sigma 

iors 

T 

Tau 

t 

r 

u 

Upfilon 

u 

Phi 

ph 

X . 

X 

Chi 

ch 

H' 

Pfi 

Pl' 

n. 

a 

Omega 

0 tong 

94.  Planets  are  opaque  bodies,  fimilar  to  our  earth, 
which  move  round  the  fun  in  certain  periods  of  time. 
They  {hine  not  by  their  own  light,  but  by  the  refledlion  of 
the  light  which  they  receive  from  the  fun.  The  planets  are 
dillinguiflied  into  primary  and  fecondary. 

95.  The  primary  Planets  regard  the  fun  as  their 
centre  of  motion.  There  are  7 * Primary  Planets,  diftin- 
guiihcd  by  the  following  charafters  and  names,  viz.  5 Mer- 
cury, $ Venus,  0 the  earth,  S Mars,  14  Jupiter,  Sa- 
turn, and  the  Georgium  Sidus. 

96.  The  secondary  Planets,  fatellites  or  moons, 
regard  the  primary  planets  as  their  centres  of  motion  : thus 
the  moon  revolves  round  the  Earth,  the  fatellites  of  Jupiter 
move  round  Jupiter,  &c.  There  are  18  fecondary'  planets. 
The  earth  has  one  fatellite,  Jupiter  four,  Saturn  /even,  and 
the  Georgium  Sidus  fix. 

97.  The  orbit  of  a planet  is  the  imaginary  path  it 
deferibes  round  the  fun.  The  earth’s  orbit  is  the  ecliptic. 

98.  Nodes  are  the  two  oppofite  points  where  the  orbit 
of  a planet  feems  to  interfeft  the  ecliptic.  That  wdiere 
the  planet  appears  -to  afeend  from  the  fouth  to  the  north 
fide  of  the  ecliptic,  is  called  the  afeending  or  north  node, 
and  is  marked  thus  Q ; and  the  oppofite  point  where  the 
planet  appears  to  defeend  from  the  north  to  the  fouth,  is 
called  the  defeending  or  fouth  node,  and  is  marked  iS . 


} * An  eighth  primary  planet  called  was  difeovered  by  M,  Piazzi 

of  Palermo,  in  Sicily,  on  the  ift  of  January  1801 ; a ninth  called 
i was  ditcovered  by  Dr,  Olbers,  of  Bremen,  on  the  28th  of  March,  1802, 

' 1 and  others  have  fince  been  difeovered.  See  Part  II.  Chap  I. 

99.  Aspect 
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99.  Aspect  of  the  ftars  or  planets,  is  their  fituatioii 
with  refpeft  to  each  other.  There  are  five  afpeds,  viz. 

when  they  are  in  the  fame  fign  and  degree; 
* Sextile,  when  they  are  two  figns,  or  a lixth  part  of  a 
circle,  dillant ; CZl  Quartiley  when  they  are  three  figns, 
or  a fourth  part  of  a circle,  from  each  other ; A 2>v//r, 
when  they  are  four  figns,  or  a third  part  of  a circle,  from 
each  other ; § Oppojition,  when  they  are  fix  figns,  or  half 
■a  circle,  from  each  other. 

The  conjunction  and  oppofition  (particularly  of  the 
moon)  are  called  the  Syzygies,  and  the  quartile  afpe£l;,  the 
iluadratures. 

100.  Direct.  A planet’s  motion  is  said  to  be  direft 
when  it  appeal's  (to  a fpedfator  on  the  earth)  to  g'o  forward 
in  the  zodiac  according  to  the  order  of  the  figns. 

101.  Stationary.  A planet  is  faid  to  be  ftationary, 
when  (to  an  obferver  on  the  earth)  it  appears  for  fome 
time  in  the  fame  point  of  the  heavens. 

102.  Retrograde.  A planet  is  faid  to  be  retrograde, 
when  it  apparently  goes  backward,  or  contrary  to  the  order 
of  the  figns. 

103.  Digit,  the  twelfth  part  of  the  fun  or  moon’s  ap- 
parent diameter. 

104.  Disc,  the  face  of  the  fun  or  moon,  fuch  as  they 
appear  to  a fpeftator  on  the  earth  ; for  though  the  fun  and 
moon  be  really  fpherical  bodies,  they  appear  to  be  circular 
planes. 

105.  Geocentric  latitudes  and  longitudes  of  the 
planets,  are  their  latitudes  and  longitudes  as  feen  from  the 
earth. 

106.  Heliocentric  latitudes  and  longitudes  of  the  pla- 
nets, are  their  latitudes  and  longitudes,  as  they  would  appear 
to  a fpetlator  fituated  in  the  fun. 

107.  Apogee  or  Apogxum  is  that  point  in  the  orbit  of  a 
plan.-’t,  the  moon,  &c.  which  is  farthest  from  the  earth. 

108.  Perigee  or  Perigaeum  is  that  point  in  the  orbit  of 
a planet,  the  moon,  &c.  which  is  neareft  to  the  earth. 

109.  Aphelion  or  Aphelium  is  that  point  in  the  orbit 
of  the  earth,  or  of  any  other  planet,  which  is  fartheft  from 
the  fun.  This  point  is  called  the  higher  Apsis. 

110.  Peri- 
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no.  Peri  HE  LI  ON  or  Perihelium  is  that  point  in  the 
orbit  of  the  earth,  or  of  any  other  planet,  which  is  neareft  to 
the  fun.  This  point  is  called  the  lower  Apsis. 

III.  LiNEOFTHEApsiDEsisa  ftraight  line  joining  the 
higher  and  lower  Apfis  of  a planet ; viz.  a line  joining  the 
Aphelium  and  Perihelium, 

112  Eccentricity  of  the  orbit  of  any  planet  is  the 
diftance  between  the  fun  and  the  centre  of  the  planet’s  orbit. 

113.  OccuLTATiON  is  the  obfcuration  Or  hiding  from 
our  light  any  liar  or  planet,  by  the  interpofition  of  the  body 
of  the  moon,  or  of  fome  other  planet. 

II TransitIs  the  apparent  paflage  of  any  planet  over 
the  face  of  the  fun,  or  over  the  face  of  another  planet.  Mer- 
cury and  Venus,  in  their  trafits  over  the  fun’s  difc,  appear 
like  dark  fpecks. 

ii^.  Eclipse  of  the  sun  is  an  occultation  of  part  of 
the  face  of  the  fun,  occalioned  by  an  interpofition  of  the 
moon  between  the  earth  and  the  fun  ; confequently  all 
eclipfes  of  the  fun  happen  at  the  time  of  new  mcon. 

1 16.  Eclipse  of  the  Moon  is  a privation  of  the  light 
of  the  moon,  occalioned  by  an  interpofition  of  the  earth  be- 
tween the  fun  and  the  moon  ; confequently  all  eclipfes  of  the 
moon  happen  at  full  moon. 

1 1 7.  Elongation  of  a planet  is  the  angle  formed  by  twb 
lines  drawn  from  the  earth,  the  one  to  the  fun  and  the  other 
to  the  planet*. 

1 18.  Diurnal  Arch  is  the  arch  defcribed  by  the  fun,  . 
moon,  or  liars,  from  their  riling  to  their  fetting. — The  fun’s 
femi-diurnal  arch  is  the  arch  defcribed  in  half  the  length  of 
the  day. 

119.  Nocturnal  Arch  is  the  arch  defcribed  by  the  fun, 
moon,  or  liars,  from  their  fetting  to  their  riling. 


• This  and  fome  of  the  preceding  definitions  are  given  to  illuftrate  the 
38th  and  39  pages  of  White’s  Ephemeris,  called  Speculum  Pbanomenorum^ 
The  words  elong.  max.  fignify  the  greateft  elongation  of  a planet.  In  plate 
II.  Fig.  a.  E reprefents  the  earth,  V Venus,  and  S the  sun.  The  elonga- 
tion is  the  angle  VES,  meafured  by  the  arch  VS, 


120.  AbTR- 
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120.  Aberration  is  an  apparent  motion  of  the  celeflial 
bodies,  occafioned  by  the  earth’s  annual  motion  in  its  orbit, 
combined  with  the  progreflive  motion  of  light. 

121.  Centripetal  Force  is  that  force  with  which  a 
moving  body  is  perpetually  urged  towards  a centre,  and 
made  to  revolve  in  a curve  inftead  of  proceeding  in  a ftraight 
line,  for  all  motion  is  naturally  redlilinear. — Centripetal 
force,  attraftion,  and  gravitation,  are  terms  of  the  fame 
import. 

122.  Centrifugal  Force  is  that  force  with  which  a 
body  revolving  about  a centre,  or  about  another  body,  en- 
deavours to  recede  from  that  centre,  or  body. — There  are 
two  kinds  of  centrifugal  force,  viz.  that  which  is  given  to 
bodies  moving  round  another  body  as  a centre,  ufually 
called  the  Projectile  Force,  and  that  which  bodies  ac- 
quire by  revolving  upon  their  own  axes.  Thus,  for  ex- 
ample, the  annual  orbit  of  the  earth  round  the  fun  is  de- 
fcribed  by  the  aftion  of  the  centripetal  and  projeftile  forces ; — 
And,  the  diurnal  rotation  of  the  earth  on  its  axis  gives  to  all 
its  parts  a centrifugal  force  proportional  to  its  velocity.  Sir 
Ifaac  Newton  has  demonftrated,  that  the  “ centrifugal  force 

of  bodies  at  the  equator,  is  to  the  centrifugal  force  with 
which  bodies  recede  from  the  earth,  in  the  latitude  of 
Paris,  in  the  duplicate  ratio  of  the  radius  to  the  co-fine  of 
“ the  latitude. — And,  that  the  centripetal  power  in  the  lati- 
“ tude  of  Paris  is  to  the  centrifugal  force  at  the  equator  as 
“ 289  * is  to  I.” 


geographical  theorems. 

1 . THE  latitude  of  any  place  is  equal  to  the  elevation  of 
the  polar  liar  (nearly)  above  the  horizon  ; and  the  elevation 
of  the  equator  above  the  horizon,  is  equal  to  the  complement 
of  the  latitude,  or  what  the  latitude  wants  of  90  degrees. 

2.  All  places  lying  under  the  equinodlial,  or  on  the  equa- 
tor, have  no  latitude,  and  all  places  fituated  on  the  firft  me- 
ridian have  no  longitude  ; confequently  that  particular  point 


* Princip.  Prop.  XIX.  Book  IJF. 
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on  the  globe  where  the  firft  meridian  interfects  tlie  equator 
has  neither  latitude  nor  longitude. 

3 . The  latitudes  of  places  increafe  as  their  diftances  from 
the  equator  increafe.  The  greateft  latitude  a place  can  have 
is  90  degrees. 

4.  The  longitudes  of  places  increafe  as  their  diftances 
from  the  firft  meridian  increafe,  reckoned  on  the  equator. 
The  greateft  longitude  a place  can  have  is  1 80  degrees,  being 
hair  the  circumference  of  the  globe  at  that  place  ; hence  no 
two  places  can  be  at  a gieater  diftance  from  each  other  than 
180  degrees. 

5.  The  fenfible  horizon  of  any  place  changes  as  often  aS 
we  change  the  place  itfelf. 

6.  All  countries  upon  the  face  of  tire  earth,  in  refpeft  to 
time,  equally  enjoy  the  light  of  the  fun,  and  are  equally  de- 
prived of  the  benefit  of  it  ; that  is  every  inhabitant  of  the 
earth  has  the  fun  above  his  horizon  for  fix  months,  and  below 
his  horizon  for  the  fame  length  ol  time*. 

7.  In  all  places  of  the  earth,  except  exactly  under  the 
poles,  the  days  aird  nights  are  of  an  equal  length  (viz.  12 
hours  each)  when  the  fun  has  no  declination,  that  is,  on  the 
21  ft  of  March,  and  on  the  23d  of  September. 

8.  In  all  places  fituated  on  the  equator,  the  days  and 
nights  are  always  equal,  notwithftanding  the  alteration  of 

* This  though  nearly  true  is  not  accurately  lb.  The  refraftiou  in 
high  latitudes  is  very  confiderable,  (lee  definition  85th)  and  near  ihe  poles 
the  fun  will  be  feen  for  fevcral  days  before  he  comes  above  the  horizon  ; 
and  he  will,  for  the  fame  reafon,  be  feen  for  feveraldays  after  he  has  de-- 
feended  below  the  horizon. — 'I'he  inhabitants  of  the  poles  (if  any)  enjoy  a 
very  large  degree  of  twilight,  the  fun  being  nearly  two  months  before  he 
retreats  18  degrees  below  the  horizon,  or  to  the  point  wher^  his  rays  are 
firft  admitted  into  the  atmofphere,  and  he  is  only  two  months  more  before 
he  arrives  at  the  fame  parallel  of  latitude  ; and,  particularly  near  the 
north-pole,  the  light  of  the  moon  is  greatly  increafed  by  the  refl.edtion  of 
the  fnow,  and  the  brightnefs  of  the  Aurora  Borealis ; the  fun  is  likewise 
about  /even  days  longer  in  palling  through  the  northern,  than  through  the 
fouthern  figns  ; that  is  from  the  vernal  equinox,  which  happens  on  the 
aift  of  March,  to  the  autumnal  equinox,  which  falls  on  the  23d  of  Sep- 
tember, being  the  fummer  half-year  to  the  inh.ibitants  of  north  latitude^ 
is  186  days,  the  winter  half-year  is  therefore  only  179  days.  The  inha- 
bitants near  the  north-pole  have  confequently  more  light  in  the  courfe  of  a 
year  than  any  other  inhabitants  on  tire  lurfate  of  the  globe. 
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the  fun’s  declination  from  north  to  fouth,  or  from  fouth  to 
north. 

9.  In  all  places,  except  thofe  upon  tlie  equator,  or  at  the 
two  poles,  the  days  and  niglitsare  never  equal,  but  when  the 
iun  enters  the  figns  of  Arles  and  JAbra,  viz.  on  the  21ft  of 
March,  and  on  the  23d  of  September. 

10.  In  all  places  lying  under  the  fame  parallel  of  latitude, 
the  days  and  nights,  at  any  particular  time,  are  always  equal 
to  each  other. 

1 1 . The  increafe  of  the  Ibngeft  days  from  the  equator 
northward  or  fouthward,  does  not  bear  any  certain  ratio  to 
the  increafe  of  latitude  ; if  the  longell  days  increafe  equally 
the  latitudes  increafe  unequally.  This  is  evident  from  the 
table  of  climates. 

12.  To  all  places  in  the  torrid  zone,  the  morning  and 
evening  twilight  are  the  fliortefl ; to  all  places  in  the  frigid 
zones  the  longett  ; and  to  all  places  in  the  temperate  zones, 
a medium  between  the  other  two. 

13.  To  all  places  lying  within  the  torrid  zone,  the  fun  is 
vertical  twice  a year ; to  thofe  under  each  tropic  once, 
but  to  thofe  in  the  temperate  and  frigid  zones,  it  is  never 
vertical. 

14.  At  all  places  in  the  fiigld  zones,  the  fun  appears  every 
year  without  fetting  for  a certain  number  of  days,  and  dif- 
appears  for  nearly  the  fame  fpace  of  time ; and  the  nearer 
the  place  is  to  the  pole  the  longer  the  fun  continues  without 
fetting;  viz.  the  length  of  the  longed  days  and  nights  in- 
creafe the  nearer  the  place  is  to  the  pole. 

1 5 . Between  the  end  of  the  longell  day,  and  the  beginning 
of  tire  longell  night,  in  the  frigid  zone,  and  between  the  end 
of  the  longell  night,  and  the  beginning  of  the  longell  day, 
the  fun  rifes  and  lets  as  at  other  places  on  the  earth. 

16.  At  all  places  lituated  under  the  ardtic  or  antar£lic 
circles,  the  fun  when  he  has  23°  28'  declination,  appears 
for  24  hours  without  fetting  but  rifes  and  fet#  at  all  other 
times  of  the  year. 

17.  At  all  places  between  the  equator  and  the  north- 
pole  the  longell  day  and  the  Hiortell  night  are  when  the 
fun  has  (23°  28')  the  greatcll  north  declination  ; and  the 
Ihorteil  day  and  longell  night  arc  when  the  fun  has  the 
greated  fouth  declination. 


18.  At. 
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18.  At  all  places  between  the  equator  and  the  fouth-pole 
the  longeft  day  and  the  fhorteft  night  are  when  the  fun  has 
(23°  28')  the  greateft  fouth  declination  ; and  the  Ihorteft 
day  and  longeft  night  are  when  the  fun  has  the  greateft  north 
declination. 

19.  At  all  places  fituated  on  the  equator,  the  fhadow  at 
noon  of  an  objeft,  placed  perpendicular  to  the  horizon,  falls 
towards  the  north  for  one  half  of  the  year,  and  towards  the 
fouth  the  other  half. 

20.  The  nearer  any  place  is  to  the  torrid  zone  the  Ihorter 
the  meridian  lhadow  of  objects  will  be.  When  the  fun’s 
altitude  is  45  degrees,  the  lhadow  of  any  perpendicular  ob- 
jeft  is  equal  to  its  height. 

21.  The  farther  any  place  (fituated  in  the  temperate  or 
torrid  zones)  is  from  the  equator,  the  greater  the  rifing  and 
fetting  amplitude  of  the  fun  will  be. 

22.  All  places  fituated  under  the  fame  meridian,  fo  far  as 
the  globe  is  enlightened,  have  noon  at  the  fame  time. 

23.  If  a Ihip  fet  out  from  any  port,  and  fail  round  the 
earth  eaftward  to  the  fame  port  again,  the  people  in  that 
Ihip,  in  reckoning  their  time,  will  gain  one  complete  day  at 
their  return,  or  count  one  day  more  than  thofe  who  refide  at 
the  fame  port.  If  they  fail  weftward  they  will  lofe  one  day, 
or  reckon  one  day  less.  To  illuftrate  this,  fuppofe  the  per- 
fon  who  travels  weftward  Ihould  keep  pace  with  the  fun,  it 
is  evident  he  would  have  continual  day,  or  it  would  be  the 
fame  day  to  him  during  his  tour  round  the  earth  ; but  the 

Eeople  who  remained  at  the  place  he  departed  from,  have 
ad  night  in  the  fame  time,  confequently  they  reckon  a day 
more  than  he  does. 

24.  Hence,  if  two  ftiips  ftiould  fet  out  at  the  fame  time 
from  any  port,  and  fail  round  the  globe,  the  one  eaftward 
and  the  other  weftward,  fo  as  to  meet  at  the  fame  port  on 
any  day  whatever,  they  will  differ  two  days  in  reckoning  their 
time  at  their  return.  If  they  fail  twice  round  the  earth  they 
will  differ  four  days  ; if  thrice,  fix,  &c. 

25.  But,  if  two  Ihips  Ihould  fet  out  at  the  fame  time  from 
any  port  and  fail  round  the  globe,  northward  or  fouthward, 
fo  ^s  to  meet  at  the  fame  port  on  any  day  whatever,  they  will 
not  differ  a minute  in  reckoning  their  time,  nor  from  thofe 
who  refide  at  the  port. 


Chapter 


Chapter  II. 

Of  the  General  Properties  of  Matter  and  the  Laws  of  Motion, 
ATTER  is  a fubftance  which,  by  its  different  modi- 

J^VA  fications,  becomes  the  objeft  of  our  five  fenfes  ; 
viz.  whatever  we  can  fee,  hear,  feel,  tafte,  or  fmell,  mufl  be 
confidered  as  matter,  being  the  conftituent  parts  of  the  uni- 
verfe. 

2.  The  properties  of  matter  are  extenlion,  figure, 
folidity,  motion,  divifibility,  gravity,  and  vis  inertias.  Thefe 
properties,  which  Sir  Ifaac  Newton  obferves  * are  the  foun- 
dation of  all  philofophy,  extend  to  the  minuteft  particles  of 
matter. 

3.  Extension,  when  confidered  as  a property  of  mat- 
ter, has  length,  breadth,  and  thicknefs. 

4.  Figure  is  the  boundary  of  extenfion;  for  every  finite 
extenfion  is  terminated  by,  or  comprehended  under,  fome 
%ure. 

5.  Solidity  is  that  property  of  matter  by  which  it  fills 
fpace  ; or,  by  which  any  portion  of  matter  excludes  every 
Other  portion  from  that  fpace  which  it  occupies.  This  is 
fometimes  defined  the  impenetrability  of  matter. 

6.  Motion.  Though  matter  of  itfelf  has  no  ability  to 
move;  yet  as  all  bodies,  upon  which  we  can  make  fuitable 
experiments,  have  a capacity  of  being  transferred  from  one 
place  to  another,  we  infer  that  motion  is  a quality  belonging 
to  all  matter. 

7.  Divisibility  of  matter  fignifies  a capacity  of  being 
feparated  into  parts,  either  adlually  or  mentally.  That 
matter  is  thus  divifible,  we  are  convinced  by  daily  experi- 
ence, but  how  far  the  divifion  can  be  adlually  carried  on  is 
not  eafily  feen.  The  parts  of  a body  may  be  fo  far  divided 
as  not  to  be  fenfible  to  the  fight ; and  by  the  help  of  mi- 
crofcopes  we  difcover  myriads  of  organized  bodies  totally 
unknown  before  fuch  inftrum.ents  were  invented.  A grain  of 
leaf  gold  will  cover  fifty  fquare  inches  of  furfacef , and  con- 
tains two  millions  of  vifible  parts  : but  the  gold  which  covers 

* Newton’s  Princip.  Book  III. — The  third  rule  of  reafoniug  in  philo- 
fiophy. 

f Adams’  Natural  and  Experimental  Philofopljy.  Le£t.  XXIV. 
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the  filver  wire,  ufed  In  making  gold  lace,  is  fpread  over  a 
furface  twelve  times  as  great.  From  I'uch  condderatious  as 
thefe,  we  are  led  to  conclude,  that  the  dlvifioa  of  matter  is' 
carried  on  to  a degree  of  minutenefs  far  exceeding  the 
bounds  of  our  faculties. 

Mathematicians  have  fiiewn  that  a line  may  be  indefinitely 
divided,  as  follows. 

Draw  any  line  AC,  and  another 
BM  perpendicular  to  it,  of  an  unlimit- 
ed length  towards  Q ; and  from  any 
point  I),  in  AC,  draw  DE  parallel  to 
BM.  Take  any  number  of  points,  P, 

O,  N,  M,  in  BQ ; then  from  P as  a 
centre,  and  the  dillance  PB,  deferibe 
the  arch  B/o,  and  in  the  fame  manner 
with  C,  N,  M,  as  centres,  and  dillau- 
ces  OB,  NB,  and  MB  deferibe  the 
arches  Bo,  B«,  Bwi.  Now  it  is  evident  the  farther  the 
Centre  is  taken  from  B.  the  nearer  the  arches  will  approach 
to  D,  and  the  line  ED  will  be  divided  into  parts,  each  Imaller 
than  the  preceding  one  j and  fince  the  line  BM  may  be  ex- 
tended to  an  indelinite  dillance  beyond  Q,  the  line  ED  may 
be  indefinitely  diminillied,  yet  it  can  never  be  reduced  to  no- 
tliing,  becaufe  an  arch  of  a circle  can  never  coincide  with  the 
llraight  line  BC,  hence  it  follows  that  ED  may  be  diminilhed 
ad  mjlniium. 

8.  Gravity  is  that  force  by  which  a body  endeavours  to 
defeend  towards  the  centre  of  the  earth.  By  this  power 
of  attradlion  in  the  earth,  all  bodies  on  every  part  of  its  fur- 
face  are  prevented  from  leaving  it  altogether,  and  people 
move  round  it  in  all  dire£lions,  without  any  danger  of  falling 
from  it. — By  the  influence  of  attraction,  bodies,  or  the  con- 
flituent  parts  of  bodies  accede,  or  liave  a tendency  to  accede 
to  each  other,  without  any  fenfible  material  impulfe,  and  this 
principle  is  univerfally  difleminated  through  the  univerfe,  ex- 
tending to  every  particle  of  matter. 

9.  Vis  iNERTi/T.  is  that  innate  force  of  matter  by  which 
it  refills  any  change.  We  cannot  move  the  lealt  parti- 
cle of  matter  without  feme  exertion,  and  if  one  portion 


of  matter  be  added^to  another  the  inertia  of  the  whole  is 
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increafed,  alfo  if  any  part  be  removed  the  inertia  is  dimi- 
niflied.  Hence,  the  vis  incrtiae  of  any  body  is  proportional 
to  its  weight. 

10.  Absolute  and  RELATIVE  MOTION.  A body  is 
faid  to  be  in  abfolute  motion,  when  its  fituation  is  changed 
with  refpecl  to  fome  other  body,  or  bt^dies  at  reit ; and  to 
be  relatively  in  motion,  when  compared  with  other  bodies 
which  are  likewife  in  motion. 

"When  a body  always  pafTes  over  equal  parts  of  space  in 
equal  fuccelhve  portions  of  time,  its  motion  is  faid  to  be 
uniform. 

When  the  fuccefllve  portions  of  fpace,  deferibed  in  equal 
times,  continually  increafe,  the  motion  is  faid  to  be  acc-e- 
lerated  ; and  if  the  fucceilive  portions  of  fpace  continually 
decreafe,  the  motion  is  faid  to  be  retarded.  Alfo,  the  mo- 
tion is  faid  to  be  uniformly  accelerated  or  retarded,  when 
the  increments  or  decrements  of  the  fpaces,  deferibed  in 
equal  fucceflive  portions  of  time,  are  always  equal. 

11.  The  VELOCITY  of  a body,  or  the  rate  of  its  motion, 
is  meafured  by  the  fpace  uniformly  deferibed  in  a given 
time. 

12.  Force.  Whatever  changes,  or  tends  to  change,  the 
Hate  of  reft  or  motion  of  a body  is  called  force.  If  a force 
adl  but  for  a moment,  it  is  called  the  force  of  perculTion  or 
impulfe;  if  it  acl  conftantly  it  is  called  an  accelerative  force; 
if  conftantly  and  equally,  it  is  called  an  uniform  accelerative 
force. 

General  laws  of  motion. 

Law  I.  Every  body  perfeveres  in  its  fate  of  ref,  or  uniform 
' “ motion  in  a right  line,  <inltfs  it  is  compelled  to  change  that 
fate  by  forces  imprejfcd  thereon.'* — Newton’s  Princip. 

Book  I. 

Thus,  when  a body  A is  pofitlvely 
at  reft,  if  no  external  force  put  it  in  AW~ 
motion  it  will  rdways  continue  at  reft. 

But  if  any  impulfe  be  given  to  it  in  the  direfiion  AB,  unlefs 
fome  obftacle,  or  new  force,  ftop  or  retard  its  motion,  it 
will  continue  to  move  on  uniformly,  for  ever,  in  the  fame 
direftlon  AB. — Hence  any  projedlile,  as  a ball  (hot  from  a 

cannon, 
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cannon,  an  arrow  from  a bow,  a ftone  caft  from  a fling,  &c. 
would  not  deviate  from  its  lirft  diredlion,  or  tend  to  the 
earth,  but  would  go  off  from  it  in  a ftraight  line  with  an  uni- 
form motion,  if  the  aftion  of  gravity  and  the  refiftance  of  the 
air  did  not  alter  and  retard  its  motion. 

Law  II.  “ The  alteration  of  motion^  or  the  motion  generated 
or  dejlroyed,  in  any  body,  is  proportional  to  the  force  ap-- 
“ plied ; and  is  made  in  the  diretlion  of  that  Jlraight  line  in 
**  ivhich  the  force  a&sd*  Newton’s  Princip.  Book  I. 

Thus,  if  any  motion  be  generated  by  a given  force,  a double 
motion  will  be  produced  by  a double  force,  a triple  motion 
by  a triple  force,  &c.— and  confidering  motion  as  an  eflfeft, 
it  will  always  be  found  that  a body  receives  its  motion  in 
the  fame  direftion  with  the  caufe  that  a6ls  upon  it. — If 
the  causes  of  motion  be  various,  and  in  different  direc- 
tions, the  body  afted  upon  muft  take  an  oblique  or  com- 
pound direftion.  Hence  a curvilinear  motion  cannot  be 
produced  by  a Ample  caufe,  but  muft  arife  from  the  joint 
effeft  of  different  caufes,  a£ling  at  the  fame  inftant  upon 
the  body. 


Law  III.  **  To  every  attion  there  is  always  oppofed  an  equal 
“ re-a9ion  ; or  the  mutual  actions  of  two  bodies  upon  each 
other  are  always  equal,  and  direSled  to  contrary  points d'* 
Newton’s  Princip.  Book  I. 

If  we  endeavour  to  raife  a weight  by  means  of  a lever, 
we  (hall  find  the  lever  prefs  the  hands  with  the  fame  force 
which  we  exert  upon  it  to  raife  the  weight.  Or  if  we  prefs 
one  fcale  of  a balance,  in  order  to  raife  a weight  in  the 
other  fcale,  the  preffure  againft  the  finger  will  be  equal  to 
that  force  with  which  the  other  fcale  endeavours  to  de- 
feend. 

When  a cannon  is  fired,  the  impelling  force  of  the 
powder  afts  equally  on  the  breech  of  the  gun  and  on  the 
ball,  fo  that  if  the  piece  and  the  ball  were  ofeq^ual  weight, 
the  piece  would  recoil  with  the  fame  velocity  as  that  with 
which  the  ball  iffues  out  of  it.  But  the  heavier  any  body 
is  the  lefs  will  its  velocity  be,  provided  the  force  which 
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communicates  the  motion  continues  the  fame.  'Therefore 
fo  many  times  as  the  cannon  and  carriage  are  heavier  than 
the  ball,  juft  fo  many  times  will  the  velocity  of  the  cannon 
be  lefs  than  that  of  the  ball. 


COMPOUND  MOTION. 

' I . If  two  forces  aR  at  the  fame  time  on  any  hodyy  and  in  the 
fame  direRion^  the  body  will  move  quicker  than  it  would  by 
being  aRed  upon  by  only  one  of  the  forces. 

2.  If  a body  be  aRed  upon  by  two  equal  forces,  in  exaRly  oppo- 
fite  direRions,  it  will  not  be  moved from  its Jituation. 

3.  If  a body  be  aRed  upon  by  two  unequal  forces  in  exaRly  con^ 
trary  direRions,  it  will  move  in  the  direRion  of  the  greater 
force. 

If  a body  be  aRed  upon  by  two  forces,  neither  in  the fame  nor 
oppofite  direRions,  it  will  not  follow  either  of  the  forces,  but 
move  in  a line  between  them. 

The  firft  three  of  the  preceding  articles  may  be  conft- 
dered  as  axioms,  being  felf-evident ; the  fourth  may  be 
thus  elucidated  ; Let  a force  be  applied  to  a body  at  A,  in 
the  diredfion  AB,  which  would 
caufe  it  to  move  uniformly  from 
A to  B in  a given  period  of  time ; 
and  at  the  mme  inftant,  let  ano- 
ther force  be  applied  in  the  direc- 
tion AC,  fuch  as  would  caufe  the  body  to  move  from  A to  C 
in  the  fame  time  which  the  firft  force  would  caufe  it  to 
move  from  A to  B ; by  the  joint  adlion  of  thefe  forces,  the 
body  will  deferibe  the  diagonal  AD  of  a parallelogram*, 
with  an  uniform  motion,  in  the  fame  time  in  which  it  would 
deferibe  one  of  the  fides  AB  or  AC  by  one  of  the  forces 
alone. 

For,  fuppofe  a tube  equal  in  length  to  AB  (in  which  a 
fmall  ball  can  move  freely  from  A to  B ) to  be  moved  paral- 
lel to  itfelf  from  A to  C,  deferibing  with  its  two  extremities 
the  lines  AC  and  BD,  fo  that  the  ball  may  move  in  the  tube 
from  A to  B in  the  fame  time  that  the  tube  has  defeended 


* A parallelogram  is  a four-fided  figure,  having  each  of  the  two  oppofite 
fides  equal  and  parallel. 
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to  CD ; it  is  evident*  that  when  the  tube  AB  coincides  with 
the  line  CD,  the  ball  will  be  at  the  extremity  D of  the  line, 
surd  that  it  has  arrived  there  in  the  fame  time  it  would  have 
defcribed  either  of  the  lides  AB  or  AC.  Xhe  ball  will  like- 
wife  defcribe  the  ftraight  line  AD,  for  by  affuming  feveral 
fimilar  parallelograms  AEGF,  AKIH,  &c.  it  will  appear, 
that  while  the  ball  has  moved  from  A to  E the  tube  will  have 
defcended  from  A to  F,  confequently  the  ball  will  be  at  G ; 
and  while  the  ball  has  moved  from  A to  K,  the  tube  will 
have  defcended  from  A to  H,  and  the  ball  will  be  at  I. 
Now  AGID  is  a ftraight  line;  for  fmaller  parallelograms 
that  are  fimilar  to  the  whole,  and  fimilarly  fituated,  are  about 
the  fame  diagonal*. 

5.  If  a body,  by  an  uniform  motion,  defcribe  one  fide  of  a 
parallelogram,  in  the  fame  time  that  it  auould  defcribe  the  adja- 
cent fide  by  an  accelerative  force  ; this  body,  by  the  joint  allion 
of  thefe  forces,  would  defcribe  a curve,  terminating  in  the  oppo- 
fte  angle  of  the  parallelogram. 

Let  ABDC  be  a parallelogram,  andfuppofe  the  body  A 
to  be  earned  through  A B by  an  uni- 
form force  in  the  fame  time  that  it 
would  be  carried  through  AC  by  an 
accelerative  force,  then  by  tlie  joint  II 
adiion  of  thefe  forces,  the  body  would 
defcribe  a curve  AGID.  For,by  the  pre-  ^ 
ceding  illuftration,if  the  fpaces  AE,EK, 
and  KB,  be  proportional  to  each  other,  the  fpaces  AF,  F H, 
and  HC,  will  be  in  the  fame  proportion,  and  the  line  AGID 
w’ill  be  a ftraight  line  when  the  body  is  adled  upon  by  uni- 
form forces;  but  in  this  example,  the  force  in  the  diredfion 
AB  being  uniform,  would  caufe  the  body  to  move  over 
equal  fpaces  AE,  EK,  and  KB,  in  equal  portions  of  time  ; 
while  the  accelerative  force  in  the  direclion  AC,  would  caufe 
the  body  to  defcribe  fpaces  AF,  FH,  and  HC,  increafing 
in  magnitude  in  equal  fuccelfive  portions  of  tim.e,  hence  the 
parallelograms  AEGF,  AKIFI,  &c.  are  not  about  the  fame 
diagonal-}-,  therefore  AGID  is  not  a ftraight  line,  but  a 
curve. 


+ Ibid.  VI.  »nd  14th. 


* Euclid  VL  and  a6th. 
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6.  The  curviltneal  motions  of  all  the  planets  arifefrom  the 
uniform  projeaile  motion  of  bodies  in  fraight  lines  ^ and  the  unU 
verfal  power  of  attradion  which  draws  them  off  from  theft 
lines. 


If  the  body  E be  pro- 
iefted  along  the  right  line 
E AF,  in  free  fpace  where 
it  meets  witV  no  refiftance, 
and  is  not  drawn  afide  by 
any  other  force,  it  will 
(by  the  firft  law  of  mo- 
tion) go  on  for  ever  in  the 
fame  diredlion  and  with 
the  fame  velocity.  For, 
the  force  which  moves  it 
from  E to  A in  a given  time,  will  carry  it  from  A to  F in  a 
fucceflive  and  equal  portion  of  time,  and  fo  on  ; there  being 
nothing  either  to  obltruft  or  alter  its  motion.  But,  if  when 
the  projedlile  force  has  carried  the  body  to  A,  another  bo- 
dy, as  S,  begins  to  attraft  it,  with  a power  duly  adjufted  and 
perpendicular  to  its  motion  at  A,  it  will  be  drawn  from  the 
llraight  line  EAF,  and  revolve  about  S in  the  circle  * 
AGOOx'\.  AVhen  the  body  E arrives  at  O,  or  any  other  part 
of  its  orbit,  if  the  fmall  body  M,  within  the  fphere  of  E’s 
attradion,  be  projedled  as  in  the  llraight  line  M n,  with  a 
force  perpendicular  to  the  attraction  of  E,  it  will  go  round 
the  body  E,  in  the  orbit  m,  and  accompany  E in  its  whole 
courfe  round  the  body  S. — Here  S may  reprefent  the  fun, 
.E  the  earth,  and  M the  moon. 

If  the  earth  at  A be  attraCIed  towards  the  fun  at  S,  fo  as 
to  fall  from  A to  H by  the  force  of  gravity  alone,  in  th® 
fame  time  which  the  priyeCtile^  force  fingly  would  have  car- 
ried it  from  A to  F ; by  the  combined  aClion  of  thefe  forces 
it  will  deferibe  the  curve  AG  ; and  if  the  velocity  with 
which  E is  projected  from  A,  be  fuch  as  it  would  have  ac- 


• If  any  body  revolve  round  another  in  a circle,  the  revolving  body 
muft'  be  projected  with  a velocity  equal  to  that  which  it  would  have  ac- 
quired by  falling  through  half  the  radius  of  the  circle  towards  the  attract- 
ing body.  Emerfutt  Cenl.Ftrtctf  Prop,  ii, 
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qiured  by  falling  from  A to  V (the  half  of  AS),  by  the 
force  of  gravity  alone  *,  it  will  revolve  round  S in  a circle. 

7.  If  one  body  revolve  round  another  l^as  the  earth  round  the 
fun),  fo  as  to  vary  its  dtjlance  from  the  centre  of  motion,  the 
projeSile  and  centripetal  forces  niufl  each  be  variable,  mnd  the 
path  of  the  revolving  body  'will  differ  from  a circle. 

Thus,if  whileapro- 
jeftile  forcewould  car- 
ry a planet  from  A to 
F,  the  fun’s  attra&ion 
at  S would  bring  it 
from  A to  H,  the  gra- 
vitating power  would 
be  too  great  for  the 
projeftile  force  ; the 
planet,  therefore,  in- 
ftead  of  proceeding  in 
the  circle  ABC  (as  in 
the  preceding  article) 
would  defcribe  the 
curve  AO,  and  ap- 
proach nearer  to  the 
fun  ; SO  being  lefs 
than  SA.  Now,  as  the  centripetal  force,  or  gravitating 
power,  always  increafes  as  the  fquare  of  the  planet’s  dif- 
tance  from  the  fun  diminifhes  •]-,  when  the  planet  arrives  at 
O the  centripetal  force  will  be  increafed,  which  will  like- 
wife  increafe  the  velocity  of  the  planet,  and  accelerate 
its  motion  from  O to  V ; fo  as  to  caufe  it  to  defcribe  the 
arches  OP,  PQ,  QR,  Rl),  DT,  TV,  fuccellively  increaf- 
ing  in  magnitude,  in  equal  portions  of  time.  The  motion 
of  the  planet  being  thus  accelerated,  it  gains  fuch  a centri- 
fugal force,  or  tendency  ^o  fly  off  at  V,  in  the  line  VW, 


• A body,  by  the  force  of  gravity  alone,  falls  feet  in  the  firft  fe- 

eond  of  time,  and  acquires  a velocity  which  will  carry  it  uniformly 
through  32^  feet  in  each  fucceeding  fecond.  This  is  proved  experiment- 
ally, by  writers  on  mechanics. 

•{•  Newton’s  Princip.  Book  III.  Prop.  il. 
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as  overcomes  the  fun’s  attra£lion : this  centrifugal  or  projec- 
tile force  being  too  great  to  allow  the  planet  to  approach 
nearer  the  fun  than  it  is  at  V,  or  even  to  move  round  the 
fun  in  the  circle  t a h c d,  See.,  it  flies  off  in  the  curve 
XZMA,  with  a velocity  decreafing  as  gradually  from  V to 
A,  as  if  it  had  returned  through  the  arches  VT,  TD,  DR, 
See.,  to  a A,  with  the  fame  velocity  which  it  paffed  through 
thefe  arclies  in  its  motion  from  A,  towards  V.  At  A the 
planet  will  liavc  acquired  the  fame  velocity  as  it  ha4  at  firft, 
and  thus  by  the  centrifugal  and  centiipetal  forces  it  will 
continue  to  move  round  S. 

Two  very  natural  queffions  may  here  be  aflccd  ; viz. 
why  the  aclion  of  gravitv,  if  it  be  too  great  for  the  projec- 
tile force  at  O,  does  not  draw  the  planet  to  the  fun  at  S i 
and  why  the  projeftile  force  at  V,  if  it  be  too  great  for  the 
centripetal  force,  or  gravity,  at  the  fame  point,  does  not 
carry  the  planet  farther  and  farther  from  the  fun,  till  it  i* 
beyond  the  power  of  his  attraftion  i 

Fhjl.  If  the  projeclile  force  at  A were  fuch  as*  to  carry 
the  planet  from  A to  G,  double  the  diflance,  in  the  fame 
time  that  it  was  carried  from  A to  F,  it  would  require  four  * 
times  as  much  gravity  to  retain  it  in  its  orbit,  viz.  it  muil 
fall  through  A I in  the  time  that  the  proje£lile  force  w’ould 
carry  it  from  A to  G,  otherwife  it  could  not  deferibe  the 
curve  AOP.  But  an  increafe  of  gravity  gives  the  planet 
an  increafe  of  velocity,  and  an  increafe  of  velocity  increafe* 
the  projedlile  force ; therefore,  the  tendency  of  the  planet 
to  fly  off  from  the  curve  in  a tangent  P m,  is  greater  at  i’ 
than  at  O,  and  greater  at  Q than  at  P,  and  fo  on  ; hence, 
while  the  gravitating  power  increafes,  the  projedfile  power 
increafes,  lb  that  the  planet  cannot  be  drawn  to  the  fun. 

Secondly.  The  projeftile  force  is  the  greateft  at,  or  near, 
the  point  V,  and  the  gravitating  power  is  likewife  the 
greateft  at  that  point.  For  if  AS  be  double  of  VS,  the 
centripetal  force  at  V will  be  four  times  as  great  as  at  A, 
being  as  the  fquare  of  the  diftance  from  the  fun.  If  the 
proje6Iile  force  at  V be  double  of  what  it  was  at  A',  the 


» Fergufon’s  Aftronaniy,  Art.  153.' 
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fpace  VW,  which  is  the  double  of  AF,  will  be  deferibed  in 
the  same  time  that  AF  was  deferibed,  and  the  planet  will 
be  at  X in  that  time.  Now,  if  the  aftion  of  gravity  had 
been  an  exaft  counterbalance  for  the  projeftile  force  during 
the  time  mentioned,  the  planet  would  have  been  at  t inftead 
of  X,  and  it  would  deferibe  the  circle  /,  a,  b,  c,  See.  ; but 
the  projedlile  force  being  too  powerful  for  the  centripetal 
force,  the  planet  recedes  from  the  fun  at  S,  and  afeends  in 
the  curve  XZM,  &c.  Yet,  it  cannot  fly  off  in  a tangent 
in  its  afeent,  becaufe  its  velocity  is  retarded,  and  confe- 
<juently  its  proje£lile  force  it  diminiflied,  by  the  aftion  of> 
gravity.  Thus,  when  the  planet  amves  at  Z,  its  tendency 
to  fly  off  in  a tangent  Z n,  is  jufl  as  much  retarded,  by  the 
adlion  of  gravity,  as  its  motion  was  accelerated  thereby  at 
therefore  it  mull  be  retained  in  its  orbit. 


Chapter  III. 

C/  the  Figure  of  the  Earthy  and  its  Magnitude, 

The  figure  of  the  earth,  as  compofod  of  land  and  wa- 
ter, is  nearly  fpherical  ; the  proof  of  this  aflertion 
will  be  the  principal  objeft  of  this  chapter.  The  ancients 
held  various  opinions  refpefting  the  figure  of  the  earth  ; 
fome  imagined  it  to  be  cylindrical,  or  in  the  form  of  a 
drum,*  but  the  general  opinion  was  that  it  was  a vaft;  ex- 
tended plane,  and  that  the  horizon  was  the  utmofl  limits  of 
the  earth,  and  the  ocean  the  bounds  of  the  horizon.  Thefe 
opinions  were  held  in  the  infancy  of  aflronomy  ; and,  in  the 
early  ages  of  Chriftianity,  fome  of  the  fathers  went  fo  far  as 
to  pronounce  it  heretical  for  any  perfon  to  declare  that  there 
was  fuch  a thing  as  the  antipodes.  But  by  the  induftry 
of  fucceeding  ages,  when  ailronomy  and  navigation  were 
brought  to  a tolerable  degree  of  perfe^fion,  and  when  it 
was  obferved  that  the  moon  was  frequently  eclipfed  by  the 
(hadow  of  the  earth,  and  that  fucli  fhadow  always  appeared 
circular  on  the  dife  or  face  of  the  moon,  in  whatever  pofi- 
tion  the  fhadow  was  pro'iefted,  it  ncceflarily  followed  that 
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the  earth,  which  call  the  lhadow,  mull  be  fpherical  ; fmce 
nothing  but  a i'phere,  when  turned  in  every  polltion  with 
relpeft  to  a luminous  body,  can  call  a circular  lhadow  ; 
likewile  all  calculations  of  eclipfes,  and  of  the  places  of  tlie 
planets,  are  made  upon  fuppohtion  that  the  earth  is  a fphere, 
and  they  all  infwer  to  the  true  times  when  accurately  ciJcu- 
lated.  When  an  eclipfe  of  the  moon  happens,  it  is  obferved 
fooner  by  thofe  who  live  eallward  than  by  thofe  who  livo 
wellward  ; and,  by  frequent  experience,  allronomers  have 
determined  that,  for  e\ery  fifteen  degrees  difference  of 
longitude,  an  eclipfe  begins  fo  many  hours  fooner  in  the 
eallernmoll  place,  or  later  in  the  wellernmoll.  If  the  earth 
were  a plane,  eclipfes  would  happen  at  the  fame  time  in  all 
places,  nor  could  one  part  of  the  world  be  deprived  of  the^ 
light  of  the  fun  while  another  part  enjoyed  the  benefit  of  it. 
The  voyages  of  the  circumnavigators  fufficiently  prove  that 
the  earth  is  round  from  well  to  call.  The  firll  who  attempted 
to  circumnavigate  the  globe  was  Magellan,  a Portuguefe, 
who  failed  from  Seville  in  Spain  on  the  loth  of  Augull 
1519  ; he  did  not  live  to  return,  but  his  fiiip  arrived  at  St.r- 
Lucar,  near  Seville,  on  the  7th  ofSeptember  1522,  without 
altering  its  diredlion,  except  to  the  north  or  fouth,  as  com- 
pelled by  the  winds,  or  intervening  land.  Since  this  pe- 
riod, the  circumnavigation  of  the  globe  has  been  performed 
at  different  times  by  Sir  Francis  Drake, Lord  Anfon,  Captain 
Cook,  See.  The  voyages  of  the  circumnavigators  have  been 
frequently  adduced  by  writers  on  geography  and  the  globes 
to  prove  that  the  earth  is  a fphere,  but  when  we  refledl 
that  all  the  circumnavigators  failed  weftwara  round  the 
globe  (and  not  northward  and  fouthward  round  it)  they 
might  have  performed  the  fame  voyages  had  the  earth 
been  in  the  form  of  a drum  or  cylinder : but  the  earth  can- 
not be  in  the  form  of  a cylinder,  for  if  it  were,  then  the 
difference  of  longitude  between  any  two  places  would  be 
equal  to  the  meridional  diflance  between  the  fame  places, 
as  on  a Mercator’s  chart,  which  is  Contrary  to  obfervation. 
— Again,  if  a fhip  fail  in  any  part  of  the  world  and  upon 
any  courfe  whatever  ; on  her  departure  from  the  coall,  all 
high  towers  or  mountains  gradually  difappear,  and  perfons- 
on  fhore  may  fee  the  mails  of  the  fhip  after  the  hull  is  hid 
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by  the  convexity  of  the  water  {^fee  Figure  I I I. Plate  /. ) — If 
a veffel  fail  northward,  in  north  latitude,  the  people  on  board 
may  obferve  the  polar  liar  gradually  to  increafe  in  altitude 
the  farther  they  go  : they  may  likewife  obferve  new  ftars 
continually  emerging  above  the  horizon  which  were  before 
imperceptible  ; and  at  the  fame  time  thofe  ftars  which  ap- 
pear fouthward  will  continue  to  diminifli  in  altitude  till 
they  become  invifible.  The  contrary  phaenomena  will  hap-i 
pen  if  the  veffel  fail  fouthward,  hence  the  earth  is  fpherical 
from  north  to  fouth,  and  it  has  already  been  fhewn  that  it  is 
fpherical  from  eaft  to  weft. 

The  arguments  already  adduced  clearly  prove  the  rotun- 
dity of  the  earth,  though  common  experience  ftrews  us  that 
it  is  not  ftriclly  a geometrical  fphere  ; for  its  furface  is 
diverfified  wdth  mountains  and  valleys  : but  thefe  irregu- 
larities no  more  hinder  the  earth  from  being  reckoned  fphe- 
rical, conftdering  its  magnitude,  than  the  roiighnefs  of  an 
orange  hinders  it  from  being  efteemed  round 

When  philofophical  and  mathematical  knowledge  arrived 
at  a ftill  greater  degree  of  perfedfion,  there  feemed  to  be  a 
very  fufheient  reafon  for  the  philofophers  of  the  laft  age  to 
conftder  the  earth  not  truly  fpherical,  but  rather  in  the  form 
ef  a fpheroid  j.  This  notion  firft  arofe  from  obfervations 


* Our  larged  globes,  are  in  general  1 8 inches  in  diameter.  The  dia- 
meter of  the  earth  is  about  7964  miles.  Chiniborayo.  one  of  the  Andes 
mountains,  the  highed  in  the  world,  is  about  20608  feet  or  nearly  4 miles 
high.  The  radius  of  tlie  earth  is  3982  miles,  and  that  of  an  18 
inch  globe  9 inches.  Now,  by  the  rule  of  three,  3982m  : 3982111-1- 
4:19  in.  : 9‘009  from  which  dedudf  the  radius  of  the  artificial  globe, 
the  remainder  of  an  incli,  nearly,  is  the  elevation  o' 

the  Andes  on  an  18  inch  globe,  which  is  lets  than  a grain  of  fund. 

f A fpheroid  is  a figure  formed  by  a revolution  of  an  ellipfis  about 
its  axis,  and  an  ellipfis  is  a curve-lined  figure  in  geometry,  formed  by 
cutting  a cone  or  cylinder  obliquely  ; but  its  nature  will  be  more  clearly 
comprehended,  by  the  learner,  from  the  following  defeription.  ^ 

Let  'f  R (in  Plate  IV.  figure  V.)  be  the  tranfverfe  diameter,  or  Hunger 
axis  of  the  ellipfis,  and  CO  the  conjugate  diameter,  or  fhorter  axis. 
With  the  didance  1 D or  DR  in  your  compalTes,  and  C as  a centre,  de- 
feribe  the  arch  Ff;  the  points  F,f,  will  be  the  two  foci  of  the  ellipfis. 
T.ike  a thre.ad  of  the  length  of  the  tranverfe  axis  TR,  and  faden  its 
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on  pendulum  clocks  *,  which  being  fitted  to  beat  feconds  iu 
the  latitudes  of  Paris  and  London,  were  found  to  move 
flower  as  they  approached  the  equator,  and  at,  or  near, 
the  equator  they  were  obliged  to  be  fliorteued  about  ^ of 
an  incli  to  agree  with  the  times  of  the  liars  pafling  the  me- 
ridian. This  difference  appearing  to  Huygens  f and  Sir 
Ifaac  Newton,  to  be  a much  greater  quantity  than  could 
arife  from  the  alteration  by  heat  only,  they  feparately  difeo- 
vered  that  the  earth  was  flatted  at  the  poles By  the  revolu- 

tion of  the  earth  on  its  axis  (admitting  it  to  be  a fphere)  the 
centrifugal  force  at  the  equator  would  be  greater  than  the 
centrifugal  force  in  the  latitude  of  London  or  Paris,  be- 
caufe  a larger  circle  is  deferibed  by  the  equator,  in  the  fame 
time  ; but  as  the  centrifugal  force,  (or  tendency  which  a 
body  has  to  recede  from  the  centre)  increafes,  the  aftion  of 
gravity  neceffarily  diminiflies  ; and  where  the  adlion  of  gra- 
vity is  lefs,  the  vibrations  of  pendulums  of  equal  lengths  be- 
come flower  ; hence,  fuppofing  the  earth  to  be  a fphere, 
we  have  two  caufes  why  a pendulum  Ihould  move  flower  at 
the  equator  than  at  London  or  Paris,  v'i%.  the  adlion  of 
heat  which  dilates  all  metals,  and  the  diminution  of  gravity. 
But  thefe  two  caufes  combined  would  not,  according  to  Sir 
Ifaac  Newton,  produce  fo  great  a difference  as  -|th  of  an 
inch  in  the  length  of  a pendulum,  he  therefore  fuppofed  the 


ends  with  pins  in  F and  f,  then . ftretch  the  thread  Fif  and  it  w'ill  reach 
to  I in  the  curve,  then  by  moving  a pencil  round  with  the  thread,  and 
keeping  it  always  ftretched,  it  will  trace  out  the  ellipfis  'I'CRO.— If  this 
elliphs  be  made  to  revolve  on.  its  longer  axis  TR,  it  will  generate  an 
Mong  /pheroid,  or  Cajpni's  figure  of  the  earth  ; but  if  it  be  fuppofed  to 
revolve  on  its  fhortcr  axis  CO,  it  will  form  an  oblate  fpheroid,  or  Sir 
Ifaac  Newton’s  figure  of  the  earth. — The  orbits  or  paths  of  all  the  planets 
are  elliples,  and  the  fun  is  fituated  in  one  of  the  foci  of  the  earth’s  orbit,  as 
will  be  obferved  farther  on. — The  points  F f,  are  called  foci,  or  burning 
points ; becaufe,  if  a ray  of  light  iffuing  from  the  point  F meet  the 
curve  in  the  point  I,  it  will  be  refledted  hack  into  the  focus  f.  For  lines 
drawn  from  the  two  foci  of  an  ellipfis  to  any  point  in  the  curve,  make 
equal  angles  with  a tangent  to  the  curve  at  that  paint ; and  by  the  laws  of 
optics  the  angl  e of  incidence  is  equal  to  the  angle  of  refledlion.  Robei t- 
iWi’s  Conic  Sedlions,  Book  111.  Scholium  to  Prop.  ix. 

* Philolpphical  Tranfadtions,  No.  386. 

f A ceJ&brated  mathematician  born  at  the  Hague  in  Holland,  in  1629. 
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earth  to  afFume  the  fame  figure  that  a homogenous  fluid 
would  acquire  by  revolving  on  an  axis,  viz.  the  figure  of  an 
oblate  fpheroid,  and  found  that  the  “ diameter  of  the  earth 
at  the  equator,  is  to  its  diameter  from  pole  to  pole,  as  230 
to  2 2y  Notw'ithllanding  the  deduftions  of  Sir  Ifaac 
Newton,  on  the  ftridlefl:  mathematical  principles,  many  of 
the  philofophers  in  France,  the  principal  of  whom  w-as 
Caflini,  aflerted  that  the  earth  was  an  oblong  sph>.oid. 
the  polar  diameter  being  the  longer  ; and  as  thefe  diiferent 
opinions  were  fiippofed  to  retard  the  general  progrefs  of 
fcieace  in  France,  the  king  refolved  that  the  affair  fliould 
be  determined  by  adlual  adineafurement  at  his  own  expence. 
Accordingly  about  the  year  1735,  two  companies  of  the 
moll  able  mathematicians  of  that  nation  were  appointed  : 
the  one  to  meafure  the  degree  of  a meridian  as  near  to  the 
equator  as  pcflible,  and  the  other  company  to  perform  a 
like  operation  as  near  the  pole  as  could  be  conveniently 
attempted.  The  refults  of  thefe  admeafurements  contra- 
didled  the  affertions  of  Caffini,  and  of  J. Bernoulli  (a  cele- 
brated mathematician  of  Bafil  in  Switzerland  who  w-armly 
efpoufed  his  caufe)  and  confirmed  the  calculations  of  Sir 

Ifaac  New'ton In  the  year  1756,  the  Royal  Academy  of 

Sciences  of  Paris  appointed  eight  aftronomers  to  meafure 
the  length  of  a degree  between  Paris  and  Amiens  ; the  re- 
fult  of  their  admeafurement  gave  57069  toifesforthe  length 
cf  a degree. 


* Motte’s  tranflation  of  Newton’s  Principia,  Book  III.  Page  243. 
Calling  the  equatoreal  diameter  of  the  earth  7964  Englifh  miles,  the  polar 
diameter  will  be  7929. — For  230 : 229  : : 7964  ; 7929  miles  the  polar 
axis.  Hence  the  palar  axis  is  Ihorter  than  the  equatoreal  diameter  by 
55  miles,  and  the  earth  is  higher  at  the  equator  than  at  tlie  poles  by  ly-J 
miles,  a difference  imperceptible  on  the  largelt  globes  that  are  made. — 
Suppofe  a globe  to  be  i8  inches  in  diameter  at  the  equator,  then  230  , 
229:  : 18  : i7-j-°y  the  polar  diamiter ; the  difference  of  the  diameters  is 
of  an  inch,  half  difference  is  of  an  inch,  the  flatnefs  of  an  18 
inch  globe  at  each  pole,  which  is  lefs  than  the  23d  part  of  an  inch,  or 
not  much  thicker  than  the  paper  and  pafte,  a quantity  not  to  be  difeovered 
by  the  appearance  ; and  on  fmaller  globes  the  difference  would  be  confider- 
ably  lefs.  Hence  the  learner  fhould  be  informed,  tliat  though  the  earth 
be  not  ftrictly  a globe,  it  cannot  be  reprefented  hy  any  other  figure  which 
will  give  fo  exaft  an  idea  of  its  fhape  ; and  a leflurer  who  inforrws  his 
hearers,  that  it  is  in  the  flrape  of  a turnip  or  an  orange  gives  a very  falfe 
idea  of  its  true  figure. 
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Ther  utility  of  finding  the  length  of  a degree  in  order  to 
deternaine  the  magnitude  and  figure  of  the  earth,  may  be 
rendered  familiar  to  a learner  thus  ; fuppofe  I find  tlie 
latitude  of  London  to  be  51°^  north,  and  travel  due  north 
till  I find  the  latitude  of  a place  to  be  52°^  north,  I lhall 
then  have  travelled  a degree,  and  the  diilance  between  the 
two  places,  accurately  m:afured,  will  be  the  length  of  a 
degree  ; now  if  the  earth  be  a correft  fphere,  the  length 
of  a degree  on  a meridian,  or  a great  circle,  will  be  equal 
all  over  the  world,  after  proper  allowances  are  made  for 
elevated  ground,  &c.  the  length  of  a degree  multiplied,  by 
360  will  give  the  circumference  of  the  earth,  and  hence 
-its  diameter,  &c.  will  be  eafily  found  ; but  if  the  earth  be 
any  other  figure  than  that  of  a fphere,  the  length  of  a 
degree  on  the  fame  meridian  will  be  different  in  different 
latitudes,  and  if  the  figure  of  the  earth  refemble  an  oblate 
fpheriod,  the  lengths  of  a degree  will  increafe  as  the  lati-' 
tildes  increase.  The  Englifh  tranflation  of  Maupertuis’ 
figure  of  the  earth,  concludes  with  thefe  words  ; [fee  page 
of  the  work)  “ The  degree  of  the  meridian  which  cuts' 
“ the  polar  circle  being  longer  than  a degree  of  the  meridian  in 
France,  the  earth  is  a fpheroid  flatted  towards  the  poles'^ 
For,  the  longer  a degree  is,  the  greater  mufl  be  the  circle 
of  which  it  is  a part  j and  the  greater  the  circle  is,  the  lef# 
is  its  curvature. 

The  iirfl  perfon  who  meafured  the  length  of  a degree 
with  any  appearance  of  accuracy  was  Mr.  Richard  Nor- 
wood ; by  meafuring  the  diftance  between  London  and 
York  he  found  the  length  of  a degree  to  be  367i96Englifli 
feet,  or  69^  Englifli  miles  j hence,  fuppofing  the  earth  to 
be  a fphere,  its  circumference  will  be  25020  miles,  and  its 
diameter  7964  * miles  j but  if  the  length  of  a degree,  at 

a medi- 

• 5280  feet  make  a mile,  therefore  367196  divided  by  5480  gives  69'J 
miles  nearfy,  which  multiplied  by  360  produces  25020  miles,  the  circum- 
ference of  the  earth,  but  the  circumference  of  a circle  is  to'  its  diameter 
as  22  to  7,  or  more  nearly  as  355  to  113  ; hence,  355  : 113  : : 
25020  miles  ; 7964  miles  the  diameter  of  the  earth.  Again  6 French 
feet  make  i toife,  therefore  57069  toises  are  equal  to  342414  French 
feet  J but  107  French  feet  are  equal  to  114  EngHfh  feet,  hence  107 
F.  f.  : 114  E.  f.  : ; 3424  F.  f.  : 364814  Engiifh  feet,  which  di- 
vided by  5280  the  feet  in  a mile  gives  69.09  miles  tli«  length  of  » 
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a medium,  be  57069  toifes,  the  circumference  of  the 
earth  will  be  24873  Englifli  miles,  its  diameter  7917  miles, 
and  the  length  of  a degree  69^-  miles. 

Conclusion.  Notwithllanding  all  the  admeafurements 
that  have  hitherto  been  made,  it  has  never  been  demon- 
ftrated,  in  a fatisfaftory  manner,  that  the  earth  is  ftriftly 
a fpheroid  ; indeed,  from  obfeiwations  made  in  different 
parts  of  the  earth,  it  appears  that  its  figure  is  by  no  means 
that  of  a regular  fpheroid,  nor  that  of  any  other  known  re- 
gular mathematical  figure,  and  the  only  certain  conclufion 
that  can  be  drawn  from  the  works  of  the  feveral  gentlemen 
employed  to  mcalurethe  earth,  is  that  the  earth  is fomething 
more Jlat  at  the  poles  than  at  the  equator. — The  courfe  of  ,a 
fhip,  confidering  the  earth  a fpheroid,  is  fo  near  to  what 
it  would  be  on  a fphere,  that  the  mariner  may  fafely  truft 
to  the  rules  of  globular  failing *  *,  even  though  his  courfe 
and  diftance  were  much  more  certain  than  it  is  poffible  for 
them  to  be.  For  which,  and  fimilar  rcafons,  mathemati- 
cians content  themfelves  with  confidering  the  earth  as  a 
fphere  in  all  pradfical  fciences,  and  hence  the  artificial 
globes  are  made  perfeftly  fpherical,  as  the  befl  reprefenta- 
tion  of  the  figure  of  the  earth. 


Chapter  IV. 

Of  the\  Diurnal  and  .Annual  Motion  of  the  Earth. 

The  motion  of  the  earth  was  denied  in  the  early  ages 
of  the  world,  yet  as  foon  as  aftronomical  knowledge 
began  to  be  more  attended  to,  its  motion  received  the 

affent 


ilegree  by  the  French  admeafurement.  Or,  342414  multiplied  by  360 
produces  123269040  French  feet  the  circumference  of  the  earth,  and 
107  : 114  : : 123269040  ; 131333369  Engliih  feet,  equal  to  24873.74 
miles  the  circumference  of  the  earth,  and  355  : 113  : : 2487374  ; 7917 
miles  the  diameter  of  the  earth. 

* Robertlbn’s  Navigation,  Book  VIlI.  Art.  143. 
f Mr.  Adam  Walker  in  his  Familiar  Philolbphy  (fee  the  leflure  on 
the  momentum  of  light)  fuppofes  the  earth  and  planets  to  be  turned  on 
their  axes  by  the  impulfe  of  light  1 He  fays,  “ that  in  all  the  pofitions  in 
> which 
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affent  of  the  learned,  and  of  fuch  as  dared  to  think  different- 
ly from  the  multitude,  or  were  not  apprehenfive  of  ecclefialti- 
cal  cenfure. — The  aftronomcrs  of  the  laft  and  prefent  age 
have  produced  fuch  a variety  of  Itrong  and  forcible  argu- 
ments in  favour  of  the  motion  of  the  earth  as  mull  efiec- 
tually  gain  the  affent  of  every  impartial  enquirer. — Among 
the  many  reafons  for  the  motion  of  the  earth,  it  will  be  fuf- 
ficient  to  point  out  the  following. 

I.  Of  the  Diurnal  Motion  of  the  Earth, 

The  earth  is  a globe  of  7964  miles  in  diameter  (as  has 
been  fhewn  in  Chap.  III.)  and  by  revolving  on  its  axis 
every  24. *  * hours  from  weft  to  eaft,  it  caules  an  apparent 
diurnal  motion  of  all  the  heavenly  bodies  from  eaft  to  weft. 
— We  need  only  look  at  the  fun,  or  liars,  to  be  convinced 
that  either  the  earth,  which  is  no  more  than  a point  f when 
compared  with  the  heavens,  revolves  on  its  axis  in  a certain 
time,  or  elfe  the  fun,  liars,  6cc.  revolve  round  the  earth  in 
nearly  the  fame  time.  Let  us  fuppofe  for  inftance  that 
the  fun  revolves  round  the  earth  in  24.  hours,  and  that  the 
earth  has  no  diurnal  motion. — Now,  it  is  a known  princi- 
ple in  the  laws  of  motion,  that  if  any  body  revolve  round 
another  as  its  centre,  it  is  neccflary  that  the  central  body 
be  always  in  the  plane  in  wliich  the  revolving  body  moves, 
whatever  curve  it  defcribes  :j;  ; therefore  if  the  fun  move 
round  the  earth  in  a day,  its  diurnal  path  mull  always  de- 
fcribe  a circle  which  will  divide  the  earth  into  two  equal 

“ which  the  earth  Hands  to  th?  fun,  during  its  annual  revolution  round 

him,  it  will  be  found  that  more  rays  fall  on  one  fide  of  its  axle  and 
“ centre,  than  on  the  other.” — With  all  due  refpeft  to  Mr.  Walker’s 
known  abilities,  1 confefs  I do  not  fee  the  truth  of  this  afl'ertion  ; if  it  l>c 
allowed,  (as  Mr.Walker  has  admitted  in  his  9th  letture  on  optics,  page403,) 
that  the  rays  of  light  fall  parallel  upon  the  earth  from  the  fun,  will  not 
thefe  rays  at  the  time  of  the  equinoxes,  ftrike  the  earth  in  a direftion  per- 
pei’.dicular  to  the  axis  ?'  At  this  feafon,  then  the  impulfe  of  liglit  would 
have  no  effeit  whatever  to  turn  the  earth  on  its  axis. 

* That  is,  the  time  from  the  fun’s  being  on  the  meridian  of  any  place, 
to  the  time  of  its  returning  to  tire  fame  meridian  the  next  day  ; but  the 
earth  forms  a complete  revolution  on  its  axis  in  23  hours  36  minutes  4 fc« 
conds,  fee  definition  61,  page  jq. 

f Dr.  Keill;  Leit  s6,  I Emerfon’s  Aftronomy,  page  ii. 
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hemifphcres.  But  this  never  happens  except  on  two  days 
of  the  year,  viz.  at  the  time  of  the  equinoxes,  when  the 
fun  rifes  exactly  in  the  eaft,  and  fets  exaflly  in  the  weft  j 
for  in  our  fummer  the  fun  rifes  to  the  north  of  the  caft  and 
fets  to  the  north  of  the  weft,  and  in  the  winter  it  rifes  to 
the  fouth  of  the  eaft  and  fets  to  the  fouth  of  the  weft,  and 
therefore  its  diurnal  path  divides  the  globe  into  two  unequal 
parts  ; confequently  the  fun  does  not  move  round  the  earth. 
To  render  this  more  intelligible  to  a young  ftudent,  let  a. 
pin,  of  fome  inches  in  length,  be  fixed  pei"pcndicular  upon 
an  horizontal  plane,  and  obferve  the  fhadow  that  the  top  of 
it  defcribes  on  any  day  of  the  year  ; this  fliadow  will  always 
be  a curve,  except  at  the  time  of  the  equinoxes,  hence  the 
earth  is  never  in  the  fun’s  apparent  diurnal  orbit  but  then  : 
for  if  the  top  of  the  pin  kept  all  the  time  in  the  plane  of 
the  fun’s  apparent  diurnal  orbit,  the  fliadow  defcribed 
would  be  a ftraight  line  becaufe  it  would  fall  in  the  in- 
terfeftion  of  two  planes  -j-  ; therefore  the  fun  has  no  diurnal 
motion  round  the  earth,  confequently  the  earth  has  a diurnal 
motion  on  its  axis. 

It  is  no  argument  againft  the  earth’s  diurnal  motion  that 
we  do  not  feel  it  ; a perfon  in  the  cabin  of  a fhip,  on  fmooth 
v^er,  cannot  perceive  the  fhip’s  motion  when  it  turns 
gently  and  uniformly  round  :{;  : neither  does  the  motion  of 
the  earth  caufe  bodies  to  fall  from  its  furface  •,  for  all  bodies 
of  whatever  matter  they  are  compofed,  are  drawn  to  the 
earth  by  the  power  of  its  central  attradfion  § ; which,  lay- 
ing hold  of  them  according  to  their  denlities,  or  quantities 
of  matter,  without  regard  to  their  magnitudes,  conftitutes 
what  we  call  weight. 

The  pliienoniena  of  the  apparent  diurnal  motion  of  the 
fun  may  be  explained  by  the  motion  of  the  earth  ; thus,  let 
IFGH  (plate  I.  fig.  V ) reprefent  the  earth,  S the  fun,, 
and  the  circle  DSBC  the  apparent  concavity  of  the  heavens* * * § 


* Emerfon’s  Dialling,  Prop.  II.  p.  9th. 

■f-  It  is  demonllrated  in  Euclid,  Prop.  III.  Book  XL,  that  if  two 
planes  interfeCl  each  ether,  their  common  leCtiou  is  a ftraight  line. 

^ Ferguion’s  Aflronomy»  Art.  1 19. 

§ Newton’s  Principia,  Book  III.  Prop,  viv 
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Let  the  earth  revolve  on  its  axis  from  I towards  G (viz, 
trom  well  to  eaft).  Suppofe  a fpedlator  to  be  at  I,  the  fun^ 
which  is  at  an  immenfe  dillaiice  and  enlightens  half  the 
globe  at  once,  will  appear  to  be  rifing.  As  the  earth 
moves  round,  the  fpeftator  is  carried  towards  F,  and  the 
tun  feems  to  increafe  in  height,  when  he  has  arrived  at 
the  fun  is  at  the  highell.  As  the  earth  continues  to  turn 
round,  the  fpeAator  is  carried  from  F towards  G,  and  the 
altitude  of  the  lun  keeps  continually  diminilhing  ; when  he 
has  arrived  at  G the  fun  is  fetting.  During  the  time  the 
fpedlator  has  been  carried  from  I to  G,  the  fun  has  appeared 
to  move  the  contrary  way.  Hence  it  is  evident,  that  while 
the  fpcdlator  is  carried  through  the  illuminated  half  of  the 
earth,  it  is  day-light  ; at  the  middle  point  F,  it  is  noon  j 
alfo  while  he  is  carried  through  the  dark  hemifphere,  it  is 
night  ; and  at  H it  is  midnight.  Thus  the  vicifiltude  of 
day  and  night  evidently  appears  by  the  rotation  of  the  earth 
about  its  axis  : what  has  been  faid  of  the  fun  is  equally 
applicable  to  the  moon,  or  any  liar  placed  at  S ; therefore 
all  the  celellial  bodies  feein  to  rile  and  fet  by  turns,  ac- 
cording to  their  various  fituations.  The  fpcdlator  at  I,  F, 
G,  H,  will  always  hjve  his  feet,  towards  the  centre  of  the 
earth,  and  the  Iky  above  his  head,  whatever  pofition  the 
earth  may  have  ; agreeably  to  the  laws  of  gravitation  or 
attradlion.  Thus  an  inhabitant  at  a will  be  the  moll  power-- 
fully  attradled  towards  his  antipodes  b,  becaufe  there  is  the 
greatell  mafs  of  earth  under  his  feet  in  that  dircdlion  j for 
the  fame  reafon  b will  be  the  moll  attrafted  towards//,  m to- 
wards n,  and«  tow'ards  w?,  &c.  hence  it  appears  that  every 
body  on  the  furface  of  the  earth  is  attradled  towards  its? 
centre,  or  rather  towards  the  antipodes  of  that  body,  for  the 
nvhole  earth  is  the  attradling  mafs,  and  not  fome  unknown 
fubllance  placed  in  the  centre  of  the  earth.  There  is  no  fuch- 
thing  as  an  upper  and  under  fide  of  the  earth,  fuppofe  a to 
be  an  inhabitant  of  Nankin  in  China,  b will  be  an  inhabitant 
of  South  America  near  Buenos  Ayres,  each  having  the  eartht 
under  his  feet  and  the  /ky  above  his  head  ; alfo  if  n be  an  in- 
habitant a little  eall  ofC^uito  in  SouthAmerica,  on  the  equator ^ 
m will  be  au  inhabitant  upon  the  equator  in  the  illand  of  Su- 
matra, 
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matra,  and  in  the  courfe  of  1 2 hours,  n will  have  the  very 
famepofition  as  w,  by  the  revolution  of  tlie  earth. 

2.  Of  the  annual  Motion  of  the  Earth. 

The  diurnal  revolution  of  the  earth  on  its  axis  being 
pi'oved,  the  annual  motion  roUnd  the  fun  will  be  readily  ad- 
mitted ; for,  either  the  earth  moves  round  the  fun.  in  a year, 
or  elfe  the  fun  moves  round  the  earth  : now,  by  the  laws  of 
centripetal  force,  if  two  bodies  revolve  about  each  other, 
they  revolve  round  their  common  centre  of  gravity  * ; and 
it  is  evident  that  if  the  two  bodies  be  of  equal  magnitude 
and  denfity,  the  centre  of  gravity  will  be  equi-dillant  from 
each  body  ; but,  if  they  be.  of  different  magnitudes,  the 
centre  of  gravity  will  be  nearell  to  the  larger  body  ; if  the 
earth,  therefore,  remain  in  the  fame  fituation  while  the  fun 
revolves  round  it,  its 'magnitude  mull  be  vallly  greater  than 
that  of  the  fun  ; for  it  is  contrary  to  the  laws  of  nature  for  a 
heavy  body  to  revolve  round  a light  one  as  its  centre  of  mo- 
tion : but,  from  obfervations  on  the  dimenlions  -f-  and  dif- 
tances  of  the  fun  and  planets,  it  appears  that  the  fun  fo 
greatly  exceeds,  not  only  the  earth,  but  the  planets,  in  mag- 
nitude, that  the  common  centre  of  gravity  of  the  whole  is 
almoft  conflantly  within  the  body  of  the  fun,  fo  that  the 
fun’s  motion  round  the  common  centre  of  gravity  of  the 
earth  and  the  planets  is  not  perceptible  by  ordinary  obferv- 
ers.  Not  only  the  earth,  therefore,  but  the  planets,  move 
-round  the  fun. 

The  earth  is  computed  to  be  95  millions  of  miles  from 


• The  centre  of  gravity  of  two  bodies  is  a point,  on  which,  if  they 
•were  both  fiipported  by  a line  joining  their  centres,  they  would  reftinequi- 
^briunt. 

f The  apparent  diameters  of  the  planets  are  found  by  a micrometer., 
placed  in  the  focus  of  a tclefcope  ; or,  the  apparent  diameter  of  the  fun 
may  be  meafured  by  means  of  the  projeilion  ofhis  image  into  a dark  room, 
through  a circular  aperture.  From  thefc  apparent  diameters,  and  the 
tefpedive  diftances  from  the  earth,  the  real  diameters  of  the  fun  and  pla- 
nets may  be  determined. 
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the  fun  *,  and  performs  its  revolution  round  him,  defcrib- 
ing  an  elliptical  orbit  or  path  -j*,  in  365  days  5 hours  48 
minutes  and  48  feconds,  tiom  any  equinox  or  loliUce  to  the 
fame  again;  it  travels  at  the  rate  of  upwards  of  68,000  miles 
per  hour  Befides  this  motion  which  is  common  to  every 
inhabitant  on  th.o  earth,  the  inhabitants  at  the  equator  are 


* That  part  of  the  heavens  in  which  the  fun  or  a planet  would  appear 
if  viewed  from  the  furface  of  the  earth,  is  called  its  apfiarent  place  ; and 
the  point  in  which  it  would  be  feen  at  the  fame  initant  from  the  centre  of 
the  earth,  is  called  its  true  place.  The  difference  bfetween  the  true  and 
apparent  pl.ice  is  called  the  parallax.  In  plate  IV.  fig.  vi.  let  O be  the 
Centre  of  the  earth,  P the  place  of  an  obferver  on  its  furface,  and  S the 
fun  or  a planet  in  the  heavens  ; now,  to  an  obferver  at  O,  the  fun  would 
■appear  at  a,  and  to  .".n  obferver  at  P it  would  appear  at  b ; the  arch  a b, 
or  the  angle  a S h,  which  is  equal  to  the  angle  PSO,  is  called  the  hori- 
r-ontal  parallax.  Mr.  Short  in  vol.  52,  part  ii,  of  the  Philofophical 
'I'r.nifaciions,  has  determined  the  horizontal  parallax  of  the  fun  to  be  8''6j, 
at  its  mean  diflance  from  the  earth.  Hence,  by  trigonometry. 

As  logarithmical  fine  of  8"  65,  or  angle  PSO,  5'02I9T40 

Is  to  one  femi-diameter  of  the  earth  PO,  o-ooooooo 

So  is  radius,  fine  of  90  degrees,  or  fine  of  OPS.  lo-ooooooo 


To  2,7882-84  femi-diameters,  4-3780860 

Now,  if  we  take  the  diameter  of  the  earth  7970  miles,  as  Mr.  Short 
h.as  done,  the  femi-diameter  3985  multiplied  by  23882-84  gives  95 1731 17 
miles,  the  dillance  of  the  earth  from  the  fun  : if  the  diameter  of  the  earth 
be  taken  an  7964  miles,  the  dillance  will  l>e  95101468  miles  -,  if  it  be 
taken  7917  miles  (fee  tive  chapter  of  the  Figure  of the  Earth)  the  diftance 
will  be  94540222  miles.  In  a cafe  of  fuch  uncertainty,  where  a veryfmall 
error  in  the  parallax  will  produce  an  aftonifhing  difference  in  the  conclu- 
fion  of  the  procefs,  and  where  an  error  in  the  diameter  of  the  earth  will 
alfo  aflfeiSt  the  operation,  we  may  reft  content  with  eftimating  the  difbnce 
of  the  earth  from  the  fun  at  95  millions  of  miles. 

•f  The  idea  that  the  earth  moved  in  an  elliptical  orbit  was  firft  con- 
ceived by  Kepler,  an  eminent  German  aflronomer,  and  demonflrated  by 
Sir  Ifaac  Newton.  See  the  Principia,  Book  III.  Prop.  xiii. 

1 The  earth’s  diftance  from  the  fun  is  95  millions  of  miles,  the  mean 
diameter  of  its  orbit  is  therefore  190  millions  of  miles  ; and  the  circum- 
' ference  of  a circle  is  three  times  the  diameter  and  one-feventh  more ; ot 
the  circumference  is  to  the  diameter  as  355  to  113  more  nearly  ; hence, 
113  • 355  • ■ 190,000,000  ; 596902654  the  circumference  of  the  orbit  ; 
but  this  circumference  is  deferibed  in  365  days  5 hours  48  minutes  48  fe- 
conds, or  365  days  6 hours  nearly,  or  8766  hours;  hence  8766  h.  ; 
596902654  m.  t ; J h.  6809a  milc3;»fr  hour  the  inhabitants  of  the  e.irth 
are  carried  by  its  annual  revolution. 
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carried  1042  * miles  every  hour  by  the  diurnal  revolution  of 
the  earth  on  its  axis,  wdiile  thofe  in  the  parallel  of  London 
are  carried  only  about  644  miles  hour.  The  axis  of  the 
earth  makes  an  angle  of  23°  28'  with  a perpendicular  to  the 
plane  of  its  orbit,  and  keeps  always  the  fame  oblique  direc- 
tion throughout  its  annual  courfe  f ; hence  it  follows  that, 
during  one  part  of  its  courfe,'  the  north  pole  is  turned  to- 
wards the  fun,  and,  during  another  part  of  its  courfe,  the 
fouth  pole  is  turned  towards  it  in  the  fame  prciportion  ; 
which  is  the  caufe  of  the  different  feafons,  as  fpring,  fum- 
mer,  autumn,  and  winter.  The  orbit  of  the  earth  being 
elliptical,  the  earth  mull  at  fome  times  approach  nearer  to 
the  fun  than  at  others,  and  will  of  courfe  take  more  time  in 
moving  through  one  part  of  its  path  than  through  another. 
Allronomers  have  obferved  that  the  earth  is  more  rapid  in 
the  winter  half  of  its  orbit  than  in  the  fummer  by  about 
feven  days  {Jee  the  note  to  the  6th  GeographicalTheoreni) / 40)  ; 
but  although  in  the  winter  we  are  nearer  to  the  fun  than  in 
the  fummer,  yet  in  that  feafon  it  feems  fartheft  from  us, 
and  the  weather  is  more  cold  and  inclement  : the  fimple  ac- 
count of  which  phenomenon  is,  that  the  fun’s  rays  falling 
more  perpendicularly  on  us  in  fummer,  augment  the  heat 
of  the  weather  ; fo,  being  tranfmitted  more  obliquely  on 
our  parallel  of  latitude  during  the  winter,  the  cold  is  in- 
creafed  and  rendered  more  intenfe.  The  heat  in  the  torrid 
v.onc  does  not  arife  from  thofe  parts  of  the  earth  being  near- 
er to  the  fun,  but  from  the  rays  of  the  fun  falling  direftly 
perpendicular  upon,  and  darting  Immediately  through  the 
atmofphere.  It  might  likewife  be  expected  that,  as  we  are 
lefs  dittant  from  the  fun  in  the  winter  than  in  the  fummer, 
it  would  appear  larger  ; but  the  difference  of  fituation  is  fo  • 


* Thcfe  Uillances  are  found  by  multiplying  the  number  of  tniles  con- 
tained in  a degree  in  any  parallel  of  latitude  by  15  ; thus,  the  circumfe- 
rence of  the  earth  at  the  equator  is  in  360'^  x 69^m.,  and  in  the  latitude 
of  I.ondon  it  is  equal  to  360°  X 42'6j,  and  24  h,  ; 360°  X 69^  : : 1 h. 
or  I : 15  X 691- : : I : 1042I  m. 

•j-  This  is  not  llridtly  true,  though  the  variation,  called  tire  nutation  of 
the  earth’s  axis,  is  fcarcely  perceptible-in  two  or  three  years.  Keill,  Le6k 
viij. 
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fmall  as  to  make  no  fenfible  alteration  in  the  fun’s  apparent 
magnitude. 

The  fun  is  not  fuppofed  to  be  fixed  in  the  centre  of  the 
earth’s  elliptical  orbit,  but  in  one  of  the  foci.  Let  S re- 
prefent  the  fun  (Plate  II,  Fig.  3.)  and  AGFBDE.the  el- 
liptical orbit  of  the  earth.  Then  A is  called  the  Perihelion, 
or  lower  apfis,  being  the  earth’s  nearelt  diftance  from  the 
fun  } B is  called  the  Aphelion,  or  higher  apfis,  being  the 
grcateft  diftance  of  the  earth  from  the  fun,  and  SC  the  dif- 
tance between  the  fun  (in  the  focus)  and  the  centre,  is 
called  the  eccentricity  01  the  earth’s  orbit.  If  from  the 
centre  C,  there  be  erefted  upon  the  axis  AB  the  perpendi- 
cular CE  meeting  the  orbit  in  E,  and  the  line  SE  be  drawn, 
it  will  reprefent  the  mean  diftance  of  the  earth  from  the  fun, 
being  equal  to  half  the  axis  AB  *,  confequently  SE  is  95 
millions  of  miles. 

Though  the  motion  of  the  earth  in  its  orbit  be  not  . uni- 
form, yet  it  is  regulated  by  a certain  immutable  law,  from 
which  it  never  deviates  ; which  is  that  a line  drawn 
from  the  centre  of  the  fun  to  the  centre  of  the  earth, 
being  carried  about  with  an  angular  motion,  defcribes  an 
elliptical  area  proportional  to  the  time  in  which  that  area  is 
defcribed  f , viz.  if  the  times  in  which  the  earth  moves  from 
A to  E,  from  E to  D,  and  from  D ta  B,  be  equal,  then 
the  areas,  or  fpaces,  ASE,  ESD,  and  DSB,  will  all  be 
equal.  The  motion  of  the  earth  is  fometimes  quicker  and 
fometimes  flower  in  moving  through  equal  parts  of  its  orbit  ; 
for,  when  the  earth  is  at  A (in  the  winter)  the  fun  attrafts 
it  more  ftrongly,  and  therefore  the  motion  is  quicker  than 
any  where  elfe  ; likewife,  when  it  is  at  B (in  the  fummer)  it 
is  leaft  affedted  by  the  fun’s  attradlion,  and  confequently  the 
motion  there  is  flower  than  in  any  other  part  of  its  orbit, 
for  the  power  of  gravity  decreafes  as  the  fquare  of  the 
diftance  increafes  ; befides  it  is  •obvious,  from  the  con- 

* It  is  demonftratcd  hy  all  writers  on  coni*  feilions,  that  a line  drawn 
from  one  end  of  the  conjugate  axis  of  an  ellipfis  to  the  focus,  is  equal  to 
half  the  tranverfe  axis,  viz.  SE  ~ CB  or  CA. 

f This  law  was  difcovered  by  Kepler,  and  demonftratcd  by  Sir  Ifaac 
Newton.  See  the  Principia,  Book  IlI,Prop.  xiiu 

t Newton’s  Pripcipia,  Book  III.  Prop,  iu 
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ftruftion  of  the  figure,  that,  if  the  fpace  ASE  be  defcribed 
in  the  fame  time  with  the  fpace  BSD,  the  arch  AE  will  be 
greater  than  the  arch  BD. 

The  phaenomena  of  the  different  feafons  of  the  year 
will  appear  plainly  from  the  following  obfervations.  Let 
ABCD  ( Plate  III.  Fig.  i.)  reprefent  the  plane  of  the 
earth’s  annual  orbit,  having  the  fun  in  the  focus  F ; and  let 
a b,  an  imaginary  line  palling  through  the  centre  of  the 
earth,  be  perpendicular  to  this  plane  ; and  let  the  axis  NSj 
of  the  earth,  make  an  angle  of  23°  28'  with  this  perpendi- 
cular : then  if  the  earth  move  in  the  diredfion  A,B,  C,D’, 
in  fuch  a manner  that  NS  may  always  remain  parallel  to  it- 
felf,  and  pi'eferve  the  fame  angle  with  a b,  it  will  point  out 
the  feafons  of  the  year  ; for,  fuppofe  a line  to  be  drawn 
from  the  centre  of  the  fun  to  the  centre  of  the  earth,  it  is 
evident  that  the  fun  will  be  vertical  to  that  part  of  the  eartli 
which  is  cut  by  this  line.  Now,  when  the  earth  is  in  Libra 
:2:,  the  fun  will  appear  to  be  in  Aries  Y',  the  days  and 
nights  will  be  equal  in  both  hemifpheres,  and  the  feafon  a 
medium  between  fummer  and  winter  ; the  line  dividing  the 
dark  and  light  hemifpheres,  pafl'es  through  the  two  poles 
N and  S,  and  confequently  divides  all  the  parallels  of  lati- 
tude, as  PR,  into  two  equal  parts  : hence  the  inhabitants 
of  the  whole  face  of  the  earth  have  their  days  and  nights 
equal,  viz.  twelve  hours  each.  While  the  earth  moves 
from  Libra  to  Capricorn  , the  north  pole  N will  be- 
come more  and  more  enlightened,  and  the  fouth  pole  S will 
be  gradually  involved  in  darknefs,  confequently  the  days  in 
the  northern  hemifph^re  will  continue  to  increafe  in  length, 
and  in  the  fouthern  hemifphcre  they  will  decroafe  in  tlie 
fame  proportion,  all  the  parallels  of  latitude  being  une- 
qually divided.  When  the  earth  has  arrived  at  Capricorn 
>; , the  fun  will  appear  to  be  in  Cancer  57  , it  will  be  fum- 
mer to  the  inhabitants  of'the  northern  hemifphere,  and  win- 
ter to  thofe  in  the  fouthern  ; the  inhabitants  at  the  north 
pole,  and  within  the  circle,  will  have  conilant  day, 

and  thofe  at  the  fouth  pole,  and  within  the  antarftic  circle, 
will  have  conilant  night.  While  the  earth  moves  from  Ca- 
pricora  to  Aries  'Y' , the  fouth  pole  will  become  more 
and  more  enlightened  ; confequently,  the  days  in  the  fouth- 
ern hemifphere  will  increafe  in  length,  and  in  the  northern 

' liemif- 


Chap.  IV.  MOTION  OF  THE  EARTH.  67 

hcmifphere  they  will  decrease.  When  the  earth  has  ar- 
rived at  Aries  ‘v  , the  fun  will  appear  to  be  in  Libra  , 
and  the  days  and  nights  will  again  be  equal  all  over  the  fur- 
face  of  the  earth.  Again,  as  the  earth  moves  from  Aries 
<Y'  towards  Cancer  , the  light  will  gradually  leave  the 
north  pole  and  proceed  to  the  fouth  ; when  the  earth  has 
arrived  at  Cancer  , it  will  be  fummer  to  the  inhabitants 
in  the  fouthern  hemifphere,  and  winter  to  thofe  in  the 
northern  : the  inhabitants  of  the  fouth  pole  (if  any)  will 
have  continual  day,  thofe  at  the  north  pole  conftant  night. 
Lallly,  while  the  earth  moves  from  Cancer  to  Capri- 
corn , the  fun  will  appear  to  move  from  Capricorn  to 
Cancer  ^ , and  the  days  in  the  northern  hemifphere  will  be 
increafing,  while  thofe  in  the  fouthern  will  be  diminifhing 
in  length  ; and  while  the  earth  moves  from  Capricorn 
to  Cancer  the  fun  w'ill  appear  to  move  from  Cancer  <io 
to  Capricorn  w , the  days  in  the  northern  hemifphere  will 
then  be  decreafing,  and  thofe  in  the  fouthern  hemifphere 
increafing.  In  all  fituations  of  the  earth,  the  equator  will 
be  divided  into  two  equal  parts,  confequently  the  days  and 
nights  at  the  equator  are  always  equal.  Thus  the  different 
feafous  are  clearly  accounted  for,  by  the  inclination  of  the 
axis  of  the  earth  to  the  plane  of  its  orbit  *,  combined  with 
the  parallel  motion  of  that  axis. 

Chap- 


* In  addition  to  thel'e  obfervations,  the  author  farther  illuftrates  the 
fealbns  of  the  year  by  an  orrery  ; and  fometimes  by  a brafs  wire  fuppotted 
on  two  ftands  of  different  heights,  correfpondent  to  the  diameter  of  the 
wire  circle  and  the  obliquity  of  the  ecliptic  ; as  in  Fergufon’s  Aftronomy, 
chap.  X.  But,  as  diis  lail  method  does  not  fo  clearly  Ihevv  the  obliquity 
of  the  axis  of  the  cartli  to  the  plane  of  its  orbit ; take  a board  of  any  con- 
venient diineiifijiis,  fuppote  two  feet  acrofs,  on  which  deiciibe  a circle, 
or  an  ellipfis  differing  little  from  a circle,  draw  a diameter  OFO  (Plate 
III.  tig.  I.)  and  parallel  to  this  diameter  let  feveral  lines  ^ /he  drawn, 
then  bore  feveral  boles  perpendicularly  down  in  the  points  c,  e,  See.  of  the 
circumference  of  tJie  circle,  take  two  pieces  of  wire  eroding  each  other  in 
an  angle  of  23“  28';  as  a and  n/,  of  which  a ^ the  perpendicular  wire 
is  the  .onger,  and  connett  them  hy  a flraight  wire  e f ; then  placing  a fmall 
globe  on  the  point/;,  and  alight  in  the  centre  of  tlie  circ  e,  of  the  fame 
height  as  the  centre  of  the  little  globe ; let  the  point  g in  the  longer  wire 
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Chapter  V. 

Of  the  Origin  of  Springs  and  Rivers^  and  of  the  Saltnefs  of 

the  Sea^ 

VARIOUS  opinions  have  been  held  by  ancient,  as  wdl  _ 
as  modem  philofophers,  refpeftihg  the  origin  of’ 
fprings  and  rivers  ; but  the  true  caufe  is  now  pretty  well, 
afcertained.  It  is  well  known  that  the  heat  of  the  fun 
draws  vaft  quantities  of  vapour  from  the  fea,  which  being, 
carried  by  the  wind  to  all  parts  of  the  globe,  and  being 
converted  by  the  cold  into  rain  and  dew,  it  falls  down  upon 
the  earth  ; part  of  it  runs  down  into  the  lower  places,  form- 
ing rivulets,  part  ferves  for  the  purpofes  of  vegetation,  and^ 
the  reft  defcends  into  hollow  caverns  within  the  earth, 
which  breaking  out  by  the  fides  of  the  hills  forms  little 
fprings  ; many  of  thefe  fprings  running  into  the  valleys  in— 
creafe  the  brooks  or  rivulets,  and  feveral  of  thefe  meeting 
together  make  a river.  ' 

Dr.  Halley  * fays,  the  vapours  that  are  raifed  copioufTy 
from  the  fea,  and  carried  by  the  winds  to  the  ridges  of 
mountains,  are  conveyed  to  their  tops  by  the  current  of  air  ; 
where  the  water  being  prefently  precipitated,  enters  the 
crannies  of  the  mountains,  down  which  it  glides  into  the 
caverns,  till  it  meets  with  a ftratum  of  earth  or  ftone,  of  a 
nature  fufficiently  folid  to  fullain  it.  When  this  i-efervoir 
is  filled,  the  fuperfluous  water,  following  the  diredtion  of 
the  ftratum,  runs  over  at  the  loweft  place,  and  in  its  paffage 
meets  perhaps  with  other  little  ftreams,  which  have  a fimilar 
origin  ; thefe  gradually  defcend  till  they  meet  with  an  aper— 


be  fixed  fucceffively  in  the  holes  e,e,  &c.  in  the  circumference  of  the  cir- 
cle, fo  that- the  bale  e/  of  the  wire,  may'  reft  on  the  lines  c/ in  the  plane 
of  the  earth’s  orbit,  the  feafons  of  the  year  w’ill  be  agreeably  and  accu- 
rately illuftfatech  If  the  little  globe  be  placed  upon  the  point  a,  inftcad 
of  the  point  »,  and  the  fame  method  be  obferved  in  moving  the  wires 
round  the  orbit,  there  will  be  no  dii'erfity  of  feafons.  'I'he  diurnal  revo- 
lution of  the  earth  may  be  ftrewn  by  moving  the  globe  round  tlie  wire  nf, 
as  an  axis  with  the  finger.  ' 

* Pliiblbphical  Tranfa6tions,  No.  192. 
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ture  at  the  fide,  or  foot,  of  the  mountain,  through  which 
they  efcape  and  form  a fpring,  or  the  fource  of  a brook  or 
rivulet.  Several  brooks  or  rivulets,  uniting  their  llreams 
form  fmall  rivers,  and  thefe  again  being  joined  by  other 
fmall  rivers,  and  united  in  one  common  channel,  form  fuch 
ftreams  as  the  Rhine,  Rhone,  Danube,  &c. 

_ Several  fprings  yield  always  the  fame  quantity  of  water, 
equally  when  the  leaft  rain  or  vapour  is  afforded,  as  when 
rain  falls  in  the  greatell  quantities  ; and  as  the  fall  of  rain, 
fnow,  &c.  is  inconftant  or  variable,  \ve  have  here  a con- 
ftant  effedf  produced  from  an  inconftant  caufe,  which  is  an 
unphilofophical  conclufion.  Some  naturalifts,  therefore,  have 
recourfe  to  the  fea,  and  derive  the  origin  of  feveral  fprings 
immediately  from  thence,  by  fuppoling  a fubterraneous 
circulation  of  percolated  waters  from  the  fountains  of  the 
deep. 

That  the  fun  exhales  as  much  vapour  as  is  fufficient  for 
rain  is  paft  difpute,  having  been  feveral  times  proved  by 
adfual  experiments.  Dr.  Halley  * * * § determined  by  experi- 
ment and  calculation  f,  that  in  a fummer’s  day,  there  may 
be  raifed  in  vapours  from  the  Mediterranean  5280  milhons 
of  tuns  of  water,  and  yet  the  Mediterranean  docs  not  re- 
ceive from  all  its  rivers  above  1827  millions  of  tuns  in  a day, 
which  is  little  more  than  a third  part  of  what  is  exhaufted 
by  vapours  :{:  ; and  from  the  river  Thames,  twenty  millions 
three  hundred  thoufand  tuns  may  be  raifed  in  one  day  in  a 
fimilar  manner. — In  the  Old  Continent  there  are  about  430 
rivers  which  fall  diredlly  into  the  ocean,  or  into  the  Mttli- 
terrancan  and  Black  Seas,  and  in  the  New  Continent, 
fcarcely  180  rivers  are  known,  which  fall  direftly  into  the 
fea  : but  in  this  number,  only  the  gneater  rivers  are  com- 
prehended All  thefe  rivers  carry  to  the  fea  a great 


* Dr.  Halley  was  an  eminent  mathe»natician,  aftronomer,  and  philolb* 
pher,  born  in  London  in  the  year  1656. 

f Philofophical  Trajil'abtions,  No.  212. 

I As  ev.sporarion  cannot  carry  off  fixed  falts,  it  would  appear  that  if 
the  al)*ve  calculation  be  accurate,  the  Mediterranean  would  be  more  Lit 
than  the  Ocean,  but  it  mult  be  renumbered  that  a current  lets  conltantly 
<iut-of  the  Atlantic  Ocean  into  the  Mediterranean. 

§ Buffon’s  Natural  Hillory. 
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quantity  of  mineral  and  faline  particles,  which  they  wafh 
from  the  difrerent  foils  through  which  they  pafs,  and  the 
particles  of  fait,  which  are  eafily  diffolved,  are  conveyed  to 
the  fea  by  the  water.  Dr.  Halley  imagines  that  the  faltnefs 
of  the  fea  proceeds  from  the  falts  of  the  earth  only,  which 
rivers  convey  thither,  and  that  it  was  originally  frefli.  So 
that  its  faltnefs  will  continue  to  increafe  : for,  the  vapours 
which  are  exaled  from  the  feas  are  entirely  frefh,  or  devoid 
of  faline  particles.  Others  imagine  that  there  is  a great 
number  of  rocks  of  fait  at  the  bottom  of  the  fea  and  from 
thefe  rocks  it  acquires  its  faltnefs.  Some  writers  again, 
have  imagined  that  the  fea  was  created  fait  that  it  might 
not  corrupt  ; but  it  may  well  be  fuppofed  that  the  fea  is 
preferved  from  corruption  by  the  agitations  of  the  wind, 
and  from  the  flux  and  reflux  of  the  tide,  as  much  as  by  the 
fait  it  contains  ; for  when  fea  water  is  kept  in  a barrel  it 
corrupts  in  a few  days.  The  Honorable  Mr.  Boyle  * re- 
lates that  a mariner  becalmed  for  thirteen  days,  found  at 
the  end  of  that  time  the  fea  fo  infefted,  that  if  the  calm 
had  continued  the  greatcft  part  of  his  people  on  board 
would  have  perifhed. — The  fea  is  nearly' equally  fait  through- 
out, under  the  equinoftial  line  and  at  the  Cape  of  Good 
Hope,  though  there  are  fome  places  on  the  Mozambique 
coaft  where  it  is  falter  than  elfewhere.  It  is  alfo  aflerted 
that  it  is  not  quite  fo  fait  under  the  ardlic  circle  as  in  fome 
other  latitudes  -t-,  this  probably  may  proceed  from  the  great 
quantity  of  fnow,  and  the  great  rivers  which  fall  into  thofe 
feas  : to  which  we  may  add,  that  the  fun  does  not  draw  fuch 
quantities  of  frefh  water,  or  vapours,  from  thofe  feas  as  in 
hot  countries. 

It  is  worthy  of  remark  that  all  lakes  from  which  rivers 
derive  their  origin,  or  which  fall  into  the  courfe  of  rivers,  are 
not  faline  % ; and  almoft  all  thofe,  on  the  contrary,  which 


* A younger  fon  of  the  Earl  of  Cork,  and  one  of  the  nioft  celebrated  1 
philofophers  in  Europe,  born  at  Lifmore  in  the  County  of  Waterford,, 
1626-7.  See  his  treatife  on  the  faltnefs  of  the  fea,  publifhed  in  1674. 

t In  a treatife  on  Chemiftry,  publifhed  by  Dr.Thompfon  of  Edinburgh, , 
P^ge375»  it  is  dated  that  the  ocean  contains  mod  fait  between  10“  and  1 
30"  fouth  latitude,  and  that  the  proportion  of  fait  is  the  lead  in  latitude 
57°  north. 

1 Buffon’s  Natural  Hidcry,  Chap.  II. 
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receive  rivers,  without  other  rivers  ifTaing  from  them  are 
faline : tliis  feems  to  favour  Dr.  Halley’s  opinion  refpeft- 
ing  the  faltnefs  of  the  fea,  for  evaporation  cannot  carry  off 
fixed  falts,  and  confequently  thofe  falts  which  rivers  carry 
into  tlie  fea  remain  there.  It  is  alTerted  * to  be  the  pecu- 
liar property  of  fca-water,  that  when  it  is  abfolutely  fait  it 
never  freezes  ; and  that  the  illands  or  rocks  of  ice  wliich 
float  in  the  fea  near  the  poles,  are  originally  frozen  in  the  * 

rivers,  and  carried  thence  to  the  fea  by  the  tide  ; where 
they  continue  to  accumulate  by  the  great  quantities  of  fnow 
and  fleet  which  fall  in  thofe  feas.  According  to  this  opinion, 
great  quantities  of  ice  can  be  produced  only  from  great 
quantities  of  frefh  water,  or  from  large  rivers,  and  as  large 
rivers  can  only  flow  from  large  trafts  of  land,  it  would  ap- 
pear that  there  muft  be  immenfe  tradfs  of  land  near  the 
fouth  pole,  for  the  Antardfic  Ocean  abounds  with  fields  or 
mountains  of  ice,  as  well  as  the  Ardlic  Ocean ; but  our 
circumnavigators  have  traverfed  the  fouthem  Ocean  to 
upwards  of  feventy  degrees  fouth  latitude,  without  difeo- 
vering  any  land.  With  refpeA  to  the  freezing  of  fait  water, 
we  have  feveral  inftances  of  the  Baltic  f , and  other  feas 
being  frozen  over,  when  the  ice  on  the  furface  could  never 
proceed  from  rivers.  It  is  true  that  the  failors  frequently 
take  large  pieces  of  the  rocks  of  ice,  and  thaw  them  for  the 
ufe  of  the  fliip’s  company,  and  always  find  the  water  frefh  ; 
but  it  does  not  follow  from  this  that  the  ice  is  formed  in 
the  rivers.  As  frelh  water  only  is  extradled  from  fea  water 
by  the  heat  of  the  fun,  and  carried  into  the  atmofphere : 
may  not  the  frefli,  without  the  faline,  particles  of  fea  water 
be  converted  into  ice  by  extreme  cold  ? — 

I 


I • Emerfon’s  Geography,  page  64. 

+ The  Baltic  Sea  is  not  lb  I'alt  as  the  Ocean,  and  the  proportion  of'ftlt 
i is  increafed  by  a weft  wind,  and  ftill  more  by  a north-weft  wind;  a proof 
i,  that  not  only  the  faltnefs  of  the  Baltic  is  derived  from  the  ocean,  but  that 
ftorms  have  a much  greater  effedt  upon  the  waters  of  the  ocean  than  has 
been  fuppofed. — Dr.Thomfon’s  Chemiftry  page  37J. — The  Baltic  Sea 
i has  little  or  no  tides,  and  a current  runs  conftantly  through  the  Sound  into 
'■i  the  Cattegate  fea. 
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Of  the  Flux  and  Reflux  of  the  Tides, 

A TIDE  is  that  motion  of  the  water  in  the  feas  and  li- 
vers, by  which  they  are  found  to  rife  and  fall  in  a re-  • 
gular  fucceffion  ; and  this  flowing  and  ebbing  is  caufed  by 
the  attraftion  of  the  fun  and  moon.  * 

Suppofe  the  earth  to  be  entirely  covered  by  a fluid  as  A, 
B,  Z,  C,  D,  Q,  N.  (Plate  III.  Figure  2.)  and  the  a£liom 
of  the  fun  and  moon  to  have  no  effeft  upon  it,  then  it  is  i 
evident  that  all  the  particles,  being  equally  attrafted  to-- 
wards  the  centre  O of  the  earth,  would  form  an  exaft  fphe-  • 
rical  fur  ace  ; except,  that  by  the  revolution  of  the  earth 
on  its  axis  N'  S',  the  attradlion  from  B towards  O,  and 
from  Q towards  O would  be  a little  diminifhed  by  the  cen- 
trifugal force.  Let  the  moon  at  M now  exert  her  in  flu-  • 
ence  upon  the  water ; then  becaufe  the  power  of  attraftion  i 
diminifhes  as  the  fquare  of  the  diftance  increafes,  thofe’ 
parts  will  be  the  moft  attra£led  which  are  the  neareft  to  i 
the  moon,  and  their  tendency  towards  O will  be  diminilhed  j ; 
thew'aters  at  Z,  B,  and  C,  will  therefore  rife,  and  at  Z,, 
which  is  neareft  to  the  moon,  they  will  be  the  higheft  ; bull 
when  the  waters  in  the  zenith  Z are  elevated,  thofe  in  the; 
nadir  N are  likew’ife  elevated  in  a fimilar  manner  ; this  is, 
knowm  from  experience,  for  we  have  high  water  when  the; 
moon  is  in  our  nadir,  as  well  as  when  fhe  is  in  our  zenith  ;; 
we  therefore  conclude  that,  when  the  moon  is  in  our  zenith,, 
our  antipodes  have  high  water  : the  truth  of  this,  as  w'elll 
as  eveiy  other  phasnomena  refpefting  the  tides,  will  be  dif— 
cuffed  in  the  following  theorems. 


* This  was  known  to  the  ancients,  Pliny  exprefsly  fays  that  the  cauff« 
of  the  ebb  and  flow  is  in  the  fun,  which  attradts  the  waters  of  the  ocean,, 
and  that  they  aho  rife  in  proportion  to  the  proximity  of  the  moon  to  th*t 
«aith.  Dr.  Hutton’s  Math.  Dirt.,  word  Tides. 
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Theorem  I.* •*  The  parts  of  the  earth  direSly  under  the 
tnooKy  or  where  the  moon  is  in  tbs'  "Zenith  as  at  Z Plate 
III,  Figure  3 • ) ; and  thofe  places  which  are  diametrically 
oppojite  to  the  former,  or  under  the  Nadir  as  at  N,  will  have 
high  water  at  the  fame  time. 

Becaufe  the  power  of  gravity  decreafes  as  the  fquarfe  of 
the  diftance  increafes  j the  waters  at  A,  B,  Z,  C,  JD,  on 
the  fide  of  the  earth  next  the  moon  M,  will  be  more  at- 
trafted  by  the  moon  than  the  central  parts  O of  the  earth, 
and  the  central  parts  will  be  more  attradled  than  the  fur- 
face  N on  the  oppofite  fide  of  the  earth  ; therefore  the 
diftance  between  the  centre  of  the  earth  and  the  furface  of 
the  water,  under  the  zenith  and  nadir,  will  be  increafed* 
For,  let  three  bodies  Z,  O,  and  N,  be  equally  attraftedby 
M ; then  it  is  evident  they  will  all  move  equally  faft  towards 
M,  and  their  mutual  diftances  from  each  other  will  continue 
the  fame  ; but  if  the  bodies  be  unequally  attraiSled  by  M» 
that  body  wdiich  is  the  moft  attradled  will  move  the  fafteft, 
and  its  diftance  from  the  other  bodies  will  be  increafed. 
Now,  by  the  law  of  gravitation,  M will  attract  Z more 
ftrongly  than  it  does  O,  by  which  the  diftance  betvyeen  Z 
and  O will  be  increafed.  In  hke  manner  O beiijg  more 
ftrongly  attracted  than  N,  the  diftance  between  O and  N f 
w'ill  be  increafed  ; fuppofe  now  a number  of  bodies  A,B,Z» 
C,  D,  F,  N,  E,  placed  round  O,  to  be  attrafted  by  M». 
the  parts  Z and  N will  have  their  diftances  from  O iucreaf- 
ed  ; w'hile  the  parts  A and  D,  being  nearly  at  the  fame 


* A theorem  is  a propoCilon  which  admits  of  proof,  or  demonflration, 
from  definitions  clearly  underflood,  and  fro»i  the  known  general  properties 
of  the  fubjedl  under  confideration. 

f This  appears  very  plain,  but  Mr.  Adam  Walker,  a gentldman  well 
known  as  an  ingenious  ledlurer  on  philofophy,  fays,  “ That  the  moon’s 
“ influence  fliould  be  lefs  at  N than  Z there  can  be  little  doubt ; but  ftill 
“ the  place  N tends  to  the  earth’s  centre  O,  as  much  as  any  other  part  of 
“ the  globe,  and  is  rather  increafed  than  diminiflicd  by  the  power  at  M. 

•*  How,  therefore,  the  tide  at  N (hould  rife  for  want  of  attradion,  or 
“ from  being  left  behind,  at  that  place  I caanot  conceive,  though  it  i« 
“ agreeable  to  the  Newtonian  hypothefis.”  r k 

s 
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<liftance  from  M as  O is,  will  not  recede  from  each  other, 
but  will  rather  approach  nearer  to  O by  the  oblique  attrac-  ' 
tion  of  M.  Hence  if  the  whole  earth  were  compofed  of 
bodies  fimilar  to  A, ‘B,  Z,  C,  D,  F,  N,  E,  and  to  be  fimi- 
larly  attraQ:ed  by  M,  the  fedfion  of  the  earth,  fonned  by  a 
plane  pafling  through  the  moon  and  the  earth’s  centre  would 
be  a figure  refemblingan  ellipfis,  having  its  longer  axis  ZN, 
direfted  towards  the  moon  ; and  its  fliorter  axis  AD  in  the 
horizon.  The  figure  of  the  earth  therefore  would  be  an 
oblong  fpheroid  having  its  longer  axis  diredled  to  the  moon, 
confequently  it  will  be  high  water  in  the  zenith  and  nadir, 
at  the  fame  time  ; and  as  the  earth  turns  round  its  axis 
from  the  moon  to  the  moon  , again  in  about  24  hours  and  48 
minutes,  there  will  be  two  tides  of  flood  .and  two  of  ebb  in 
that  time,  agreeably  to  experience. 

According  to  the  foregoing  explanation  of  the  ebbing 
and  flowing  of  the  fea,  every  part  of  the  earth  is  gravitat- 
ing towards  the  moon  ; but  as  the  earth  revolves  round  the 
fun,  every  part  of  it  gravitates  towards  the  fun  likewife  ; it 
-may  be  alked  how  is  this  poflible  at  the  time  of  full  moon, 
when  the  moon  is  at  m and  the  fun  at  S ; has  the  earth  a 
^tendency  to  fall  cputrary  ways  at  the  fame  time  ? This  is  a 
very  natural  queftion,  but'it  muft  be  confidered  that  it  is 
not  the  centre  of  the  earth  that  defcribes  the  annual  orbit 
round  the  fun,  but  the  common  centre  of  gravity  of  the 
-earth  and  moon  together ; and  that  whilft  the  earth  is  mov- 
ing round  the  fun,  it  alfo  defcribes  a circle  round  that 
centre  of  gravity,  about  whiph  it  revolves  as  many  times  as 
the  moon  revolves  round  the  earth  in  a year*.  The  earth 
is  therefore  conftantly  falling  towards  the  moon,  from  a 
tangent  to  the  circle  which  it  defcribes  round  the  common 
centre  of  gravity  of  the  earth  and  moon.  Let  M reprefent 
themoon  (Plate  III.  Figure  4.),  TW  a part  of  the  moon’s 
orbit,  and  as  the  earth  is  fuppofed  to  contain  about  forty 
times  the  quantity  of  matter  which  is  contained  in  the  moon, 
the  common  centre  of  gravity  from  tlie  centre  of  the  earth 
towards  the  moon,  will  be  confiderably  lefs  than  the  earth’s 


* Afllxonojny,  Ariide  298. 
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diameter  *,  let  this  common  centre  of  gravity  be  reprefent- 
ed  by  C.  Then  whilll  the  moon  goes  round  her  orbit,  the 
centre  of  the  earth  defcribes  the  circle  doe  round  C,  t« 
which  circle  0 is  a tangent : therefore  when  the  moon 
has  gone  from  M to  a little  pall  W,  the  earth  has  moved 
from  0 to  e \ and  in  that  time  has  fallen  towards  the  moon 
from  the  tangent  at  ato  e.  This  figure  is  drawn  for  the 
new  moon,  but  the  earth  will  tend  towards  the  moon  in  the 
fame  manner  during  its  whole  revolution  round  C. 


Theorem  II.  Thofe  parts  of  the  earth  ‘where  the  moon  ap-~ 
p»ars  in  the  horizon,  or  90  degrees  dijlant from  the  Zenith 
and  Nadir,  as  at  A and  D {^Plate  III.  Figure  3.)  ‘wilt 
have  ebb,  or  lo‘tv  •water. 

For,  as  the  waters  under  the  zenith  and  nadir  rife  at  the 
fame  time,  the  waters  in  their  neighbourhood 'will  prefs  to- 


• The  common  centre  of  gravity  of  two  bodies  is  found  thus,  as  the  fun«^ 
•f  the  weights,  or  qiuatities  of  matter  in  the  two  bodies  is  to  their  dif- 
tance  from  each  other,  fo  is  the  weight  of  the  lefs  body  to  the  diftance  of 
the  greater  from  the  centre  of  gravity.  Now  if  the  quantity  of  matter  in  the 
moon  be  reprel'ented  by  i,  diat  in  the  earth  by  40,  and  die  diftance  ot’ 
the  eardi  -from  the  moon  be  eftimated  at  340,000  miles,  then  40+1  ; 
340,0001  : I : 5853  miles,  the  diftance  of  the  centre  of  the  earth  from  the 
common  centre  of  gravity.  Mr.  Fergufon  in  a note  makes  the  diftance 
6000  miles,  but  his  calculation  is  wrong,  for  he  has  forgot  to  add  the 
quantitv  of  matter  in  the  moon  to  that  of  the  earth.  Mr.  Adam  Walker 
in  the  nth  Lecture  of  his  Familiar  Fhilofophy  has  made  exailly  the  fame 
miftake.  It  may  be  laid  that  the  error  here  be  trifling ; the  objetHon  is  not 
made  to  the  quantity  of  the  error,  but  to  the  principle  of  calculation,  which 

may  lead  a learner,  in  many  inftances,  into  very  confiderable  errorsi 

Mr.  A.  Walker,  in  the  fame  Lecture,  ingenioufly  accounts  for  its  being 
high-water  in  the  zenith  and  nadir  at  the  lartie  time,  in  the  fo!lov/ing; 
manner.  “ 'I'he  parts  of  the  earth  that  are  fartheft  from  die  moon,  will 
“ have  a fwifter  motion  round  the  centre  of  gravity  than  the  other  parts  ;■ 
“ thus,  the  fide  n,  will  deferibe  the  circle  n VY,  while  the  fide  m will 
“ only  deferibe  the  fmall  ciicle  m r s,  round  the  centre  of  gravity  C. 
“ Now,  as  every  thing  in  motion  always  endeavours  to  go  forward  in  a 
“ rtraight  line,  the  water  at  »,  having  a tendency  to  go  off  in  the  line  n q, 
“ will  in  a degree  overcome  the  power  of  gravity,  and  fwell  into  a heap  or 
protuberance,  as  reprefented  in  the  figure,  and  occafion  a tide  oppolTte 
“ to  that  cAufed  by  the  attraflion  of  the  moon.  ’ 
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wards  thofe  places  to  maintain  the  equilibrium  ; and  to  fup- 
ply  the  place  of  thefe  waters,  otliers  will  move  the  fame 
<t'ay,  and  fo  on  to  places  of  90  degrees  diftance  from  the 
zenith  and  nadir  : confequently  at  A and  D where  the  moon 
appears  in  the  horizon,  the  waters  w'ill  have  more  liberty  to 
defcend  towards  the  centre  of  the  earth  ; and  therefore  in 
thofe  places  they  will  be  the  loweft.  Hence  it  plainly  appears, 
that  the  ocean  if  it  covered  the  whole  furface  of  the  earth, 
would  be  afpheroid  (as  was  obferved  in  the  forgoing  the- 
orem) the  longer  diameter  as  ZN  palling  throu^  the 
place  where  the  moon  is  vertical,  and  the  Ihorter  diameter 
as  AD  palling  through  the  rational  horizon  of  that  place. 
And  as  the  moon  apparently  * Ihifts  her  polition  from  eall 
to  weft  in  going  round  the  earth  every  day,  the  longer  dia- 
meter of  the  fpheroid  following  her  motion  will  occafion 
the  two  floods  and  ebbs  in  about  24  hours  and  48  minutes  -j-, 
the  time  which  any  meridian  of  the  earth  takes  in  revolving 
from  the  moon  to  the  moon  again  ; or  the  time  elapfed  (at 
a medium)  between  the  palTage  of  the  moon  over  the  me- 
ridian of  any  place,  to  her  return  to  the  fame  meridian. 

The  meridian  altitude  of  the  moon  at  any  place  is  her 
greateft  height  above  the  horizon  at  that  place,  hence  the 
greater  the  moon’s  meridian  altitude  i§,  the  greater  the 
tides  wiU  be  ; for  they  increafe  from  the  horizon  D to  the 
point  Z under  the  zenith  : and  the  greater  the  moon’s  me- 
ridian deprcflion  is  below  the  horizon,  the  greater  the 
tides  will  be  ; for  they  increafe  from  the  horizon  D towards 
N the  point  below  the  nadir,  and  confequently  as  the  tides 
increafe  from  D to  N,  riie  tides  in  their  antipodes  will  in- 
creafe from  A to  Z. 


* The  real  motion  of  the  moon  is  from  the  welt  towards  the  call ; for 
if  Ihe  be  feen  near  any  fixed  liar  on  any  night,  Ihe  will  be  feen  about  13 
degrees  to  the  eaftward  of  that  flar  the  next  night  and  fo  on.  The  moon, 
goes  round  her  orbit  from  any  fixed  liar  to  the  fame  again  in  about  27  days 
I hours.  ■■  Hence  *7d  8h  : 360®:  : id;  13“  10’  14"  .6  the  mean  motion 
of  the  moon  in  24  hours. 

•)■  The  mean  motion  of  the  moon  in  24  hours  is  13°  lo/  14  ' .6  and  the 
mean  apparent  motion  of  the  fun  m the  fame  time  is  59  .2  (lee  the  note 

to  definition  61,  page  14)  the  moon’s  motion  is  therefore  12®  ii'  6"  4 
fwifter  th^  the  apparent  motion  of  the  fun  in  one  day,  which,  reckoning 
4 minutes  to  a degree,  amounts  to  48  minutes  44  feconds  of  time. 
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Theorem  III.  The  time  of  high  water  is  not  precifely  at  the 
time  of  the  moon's  coming  to  the  meridian^  but  about  an  hour 
after. 

For,  the  moon  a£Is  with  fome  force  after  fiie  has  pafled 
the  meridian,  and  by  that  means  adds  to  the  libratory,  or 
waving  motion,  which  the  waters  had  acquired  whilll  fhe 
was  on  the  meridian. 

Theorbm  IV.  The  tides  are  greater  than  ordinary  twice 
every  months  vi%.  at  the  times  of  new  and  full  moon,  and 
thefe  are  called  Spring-tides.  ( Plate  III.  Figure  3 . ) 

For  at  thefe  times  the  a<5Iions  of  both  the  fun  and  moon 
concur  to  draw  in  the  fame  ftraight  line  SMZON,  and 
therefore  the  fea  mull  be  more  elevated.  In  conjun£lion, 
or  at  the  new  moon  when  the  fun  is  at  S and  the  moon  at 
M both  on  the  fame  fide  of  the  earth,  their  joint  forces 
confpirc  to  raife  the  watej  in  the  zenith  at  Z,  and  confe- 
quently  (according  to  Theorem  1.)  at  N the  nadir  like- 
wife  *.  When  the  fun  and  moon  are  in  oppofition,  or  at 
the  full  moon  when  the  fun  is  at  S and  the  moon  at  m,  the 

earth 


* Mr.  Wallcer  fays  (F.ei^ure  nth)  that  at  new  moon  “The  fun’s  in- 
“ fluence  is  added  to  tint  of  the  moon,  and  the  centre  of  gravity  C (Plate 
“ HI.  Figure  4th)  will,  therefore,  be  removed  farther  from  the  earth  than 
“ m C,  and  of  courfe,  increafe  the  centrifugal  tendency  of  the  tide  /» : 
“ hence,  both  the  attratUd  and  centrifugal  tide  are  fpring-tides,  at  that 

“ time.”' “ But  fpring-tides  take  place  at  the  full  as  well  as  at  the 

“ change  of  the  moon.  Now  it  has  been  premifed,  that  if  we  had  no 
“ moon,  the  fun  would  agitate  the  ocean  in  a final!  degree  and  make  tiao 
“ tides  every  twenty-four  hours,  though  upon  a fmall  I'cale.  The  moon’s 
“ centrifugal  tide  at  Z (Plate  III.  Figure  3.)  being  incrcafed  by  the  fun’s 
“ attradtion  attj,  will  make  the  protuberance  a fpring-tide ; and  the  fiin's 
“ centrifugal  tide  at  N will  be  reittfi)rced  by  the  moan’s  atrradtion  at  m, 
“ and  make  the  proturberance  N a Ipring  tide  ; fo  I'pring-tides  take  place 

“ at  the  full  as  well  asch.ingeof  tiie  moon.” Suppofe  the  moon  to  be 

mken  away  (Plate  III.  Figure  4.)  the  common  centre  of  gravity  of  the 
earth  and  the  fun  would  fill  entirely  within  the  body  of  the  fun,  round  which 
the  earth  revolves  in  a year  at  the  mte  of  about  a degree  in  a d.iy  ; hence 
the  parts  « of  the  earth  fartheft  from  the  fun  would  have  a little  more  ten- 
dency to  recede  front  th.e  centre  of  motion  S,  than  the  p.irts  m which  are 
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earth  being  between  them  ; while  the  fun  raifes  the  water 
at  Z under  the  zenitli  and  at  N under  the  nadir,  the  moon 
railes  the  water  at  N under  the  nadir  and  at  Z under  the 
Aenith. 

Theorem  V.  tides  nre  lefs  than  ordinary  twice  every 
month  ; that  is  about  the  time  of  the  Jirfl  and  lajl  quarters 
vfthe  moon,  and  iheje  are  called  Neap-tides.  Plate 
[II.  Figure  3.) 

Becaufe  in  the  quadratures,  or  when  the  rnoon  is  90 
degrees  .from  the  fun,  the  fun  adts  in  the  direction  SD  and 
elevates  the  water  at  D and  A ; and  the  moon  adting  in  the 
diredtion  MZ  or  ?wN  elevates  the  water  at  Z and  N : lo 
that  the  fun  raifes  the  water  where  the  moon  deprefl'es  it, 
and  deprefTes  the  water  where  the  moon  raifes  it  ; confe- 
quently  the  tides  are  formed  only  by  the  difference  between 
the  attradtive  force  of  the  fun  and  moon. — The  waters  at  Z 
and  N wdll  be  more  elevated  than  the  waters  at  i)  and  A, 
becaufe  the  moon’s  attradtive  force  is  four  * times  that  of 
the  fun. 
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tlic  neareft.  So  that  if  the  fun  were  on  the  meridian  of  any  place  it  would 
be  hi"h  ^'.•ater  at  that  )>lace  by  the  fun’s  attraction,  and  it  would  at  the 
fame  tune  be  high  water  at  the  autij'odes  of  that  place  by  the  centrifugal 
tendency  of  n ; confequcntly  as  die  eartli  1 evolves  on  its  axis  from  noon  to 
noon  in  24  hours,  there  would  be  two  tides  of  fl(X)d  and  two  of  ebb  during 
lhat  time.  If  the  line  m C be  incre.ifed  when  the  moon  is  in  conjiindlion 
with  the  hin,  fo  as  to  caufe  the  point  n to  deferibe  a larger  circle  than  n VY, 
and  aifo  the  point  m to  deferibe  a larger  circle  than  m r 1 round  the  centre 
of  gravity  C j when  die  fun  is  in  oppolition  to  the  moon,  the  line  m C will 
be  diminilhed,  n will  therefore  deferibe  a fnialler  circle  tliaii  n VY,  and 
m will  deferibe  a fmaller  circle  than  m r s.  Hence  it  appears  that  the  cen- 
trifugal tendency  of  is  greater  at  the  new  moon  ilian  it  is  at  the  full 
moon,  and  wi  is  likewife  more  llrongly  attracted  at  the  fame  time  ; the 
fpring-tidesiflt  the  time  of  conjuiiClion  would  dierefore  be  coiifiderably 
greater  than  at  the  time  of  oj'jxditioii,  were  not  the  moon’s  ccntiifugal 
tide  at  this  time  attracted  by  the  feu,  and  the  fun’s  centrifugal  tide  added 
to  that  caufed  by  the  moon’s  attraction. 

* Sir  Ifaac  Mewton  Cor.^T  I’ro]'.  XXXVIl.  Bexik  IH.  Princip.  makes 
the  force  of  the  moon  to  tliat  of  the  fun,  in  raifmg  the  waters  of  tlie 
ocean,  as  4.4815  to  i ; and  in  Corol.  i.  if  the  fame  propofition  he  calcu- 
lates the  height  of  the  folar  tide  to  be  2 feet  o inch  the  lunar  title  9 feet 
I inch  and  by  their  joint  attraction  Ii  feet  2 inches ; when  the  moon 
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Theorem  VI.  Tke  fprin^-tides  do  not  happen  exa8ly  on  t^e 
day  of  the  change  or  full  moon,  nor  the  Neap-tides  exaSly  on 
tlk  days  of  the  quarters,  but  a' day  or  two  afterwards.' 

When  the  attraftions  of  the  fun  and  moon  have  confpired  " 
together  for  a confiderable  time,  the  motion  impreffed  on 
the  waters  will  be  retained  for  fome  time  after  their  attrac- 
tive forces  ceafe,  and  confequently  the  tide  will  continue  to 
rife.  In  like  manner  at.  the  quarters,  the  tide  will  be  the 
loweft  when  the  moon’s-  attradiion  has  been  lelTened  by  the 
fun’s ' for  fevend  days  together. — If  the  aftlon  of  the  fun 
and  moon  were  fuddenly  to  ceafe,  the  tides  would  continue 
their  courfe  for  fome  time,  like  as  the  waves  of  the  fea  con- 
tinue to  be  agitated  after  a Itorra,  - 

Theorem  VII.  When  the  moon  is  nearefl  to  ’the  earth,  or  in  ‘ 
Perigee,  the  tides  increafe  more  than  in  fimilar  circumjlances 
at  other  times. 

For  the  power  of  attraftion  increafes  as  the  fquare  of  the 
diftance  of  the  moon  from  the  earth  decreafes  ; confequently 
the  moon  muft  attract  moft  when  Ihe  is  neareft  to  the 
earth. 


is  in  Perigee  the  joint  force  of  the  fun  and  moon  will’  raife  the  tides  upwards 
•f  13^  feet. — Sir  Ifaac  Newton’s  meafures  are  in  French  feet  in  the  Prin- 
cipia.  I have  turned  them  into  Englilh  feet. 

Mr.  Emerfon,  in  his  Fluxions,  Section  III.  Prob.  45,  calculates  the 
greateft  height  of  the  folar-tide  to  be  1.63  feet,  the  lunar  tide  7.28  feet, 
and  by  their  joint  attradlion  8.91  feet,  making  the  force  of  the  fun  to 
that  of  the  moon  as  i to  4 4815. 

Dr.  Horiley,  the  late  bilhop  of  St.  Afaph,  eftimatesthe  force  of  the  moon 
to  that  of  the  fun  as  5.0469  to  i.  See  his  edition  of  the  Frincipia,  lib.  3. 
fed.  3 Prop.XXXVI.  and  XXXVIl. 

Mr.  Walker,  in  Lecture  iith  of  his  Familiar  Philofophy,  ftates  the 
influence  of  the  fun  to  be  to  the-  infliKiice  of  the  moon,  to  raife  the  water, 
as  3 is  to  10,  and  their  joint  force  13  ; but  he  gives  no  rcafon  why  thefe 
numbers  are  ufed. 
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Theorem  VIII.  Tie  fprlng-tides  are  greater  a Jhort  iimi 
before  the  vernal  equinox,  and  after  the  autumnal  equinox, 
viz.  about  the  latter  end  of  March  and  September  than  at  any 
other  time  of  the  year  ( Plate  III.  Figure  3. ) 

Becayfe  the  fun  and  moon  will  then  aft  upon  the  equator 
in  the  direftion  af^,  confequently  the  fpheroidal  figure  of 
the  tides  will  then  revolve  round  its  longer  axis,  and  de- 
fcribe  a greater  circle  than  at  any  other  time  of  the  year ; 
and  as  this  great  circle  is  defcribed  in  the  fame  time  that 
a lefs  circle  is  defcribed,  the  waters  will  be  thrown  more 
forcibly  againft  the  fhores  in  the- former  circumftance  than  in 
the  latter. 

Theorem  IX.  hales  are  not  fubjeR  to  tides  ; and fmall  in“ 
land  feas,  fuch  as  the  Mediterranean  and  Baltic,  are  little 
fubjeR  to  tides.  In  very  high  latitudes  north  or  fouth  'the 
tides  are  alfo  inconftderable. 

The  lakes  are  fo  fmall,  that  when  the  moon  is  ver- 
tical fhe  attrafts  every  part  of  them  alike.  The  Mediterranean 
and  Baltic  feas  have  very  fmall  elevations,  becaufe  the  in- 
lets by  which  they  communicate  with  the  ocean  are  fo  nar- 
row, that  they  cannot,  in  fo  Ihort  a time,  receive  or  dif- 
charge  enough  to  raife  or  lower  their  furfaces  fenfibly. 

Theorem  X.  The  time  of  the  tides  happening  in  particular 
places,  and  likevuife  their  height,  may  be  very  different  ac- 
cording to  the  fituation  of  thefe  places. 

For  the  motion  of  the  tides  is  propagated  fwifter  in  the 
open  fea,  and  flower  through  narrow  channels  or  fhallow 
places  ; and  being  retarded  by  fuch  impediments  the  tidet 
cannot  rife  fo  high. 

General  Observations. 

The  morning  tides  differ  generally  in  their  rife  from  the 
evening  tides. 

The  new  and  full  moon  fpring-tldes  rife  to  different 
heights. 

In  winter  the  morning  tides  are  higheft. 

In  fymme»  the  evening  tides  are  higheft. 
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A 

The  tides  follow,  or  flow  towards,  the  courfe  of  the 
moon,  when  they  meet  with  no  impediment.  Thus  the 
tide  on  the  coaft  of  Norway  flows  to  the  fouth  (towards  the 
courfe  of  the  moon) ; from  the  North-cape  in  Norway  to  the 
Naze  at  the  entrance  of  the  Scaggerac  or  Cattegate  Sea, 
where  it  meets  with  the  current  which  fets  conftantly  out  of 
the  Baltic  Sea,  and  confequently  prevents  any  tide  rifing 
in  the  Scaggcrac.  The  tide  proceeds  to  the  fouthward 
along  the  eall  coaft  of  Great  Britain,  fupplying  the  ports 
fucceffively  with  high  water,  beginning  firft  on  the  coaft  of 
Scotland.  Thus  it  is  high  water  at  Tynemouth  Bar  at  the 
time  of  new  and  full  moon  about  three  hours  after  the  time  of 
high  water  at  Aberdeen  ; it  is  h?gh  water  at  Spurn-head 
about  two  hours  after  the  time  of  high  water  at  Tynemouth 
Bar  ; in  an  hour  more  it  runs  down  the  Humber,  and  makes 
high  water  at  Kingfton  upon  Hull  ; it  is  about  three  hours 
running  from  Spurn-head  to  Yarmouth  Road,  one  hour  in 
running  from  Yarmouth  Road  to  Yarmouth  Pier  ; 2\  hours 
running  from  Yarmouth  Road  to  Harwich,  hour  in  paff- 
ing  from  Harwich  to  the  Nore,  from  whence  it  proceeds 
tip  the  Thames  to  Gravefend  and  London.  From  the  Nore, 
the  tide  continues  to  flow  fouthward  to  the  Downs  and 
Godwin  Sands,  between  the  north  and  fouth  Foreland  in 
Kent,  where  it  meets  the  tide  w'hich  flows  out  of  the  En- 
glifli  Channel  through  the  Strait  of  Dover. 

While  the  tide,  or  high  water,  is  thlis  gliding  to  thi? 
fouthward  along  the  eaftem  coaft  of  Great  Britain,  it  alfo 
fets  to  the  fouthward  along  the  weftern  ccafts  of  Scotland 
and  Ireland  ; but,  on  accornt  of  the  obftrudfions  it  meets 
with  by  the  Weftern  Iflands  of  Scotland,  and  the  narroit 
paflage  between  the  north-eaft  of  Ireland  and  the  fouth- 
weft  of  Scotland,  the  tide  in  thelrifli  fea  comes  round  by 
the  fouth  of  Ireland  through  St.  George’s  Channel,  and 
runs  in  a north-caft  direftion  till  it  meets  the  tide  between 
Scotland  and  Ireland  at  the  north-weft  part  of  the  Ifle  of 
Man.  This  may  be  narturally  inferred  from  its  being  high 
water  at  Waterford  above  three  hours  before  it  is'  high  wa- 
ter af  Dublin,  and  it  is  high  water  at  Dundalk  Bay  and  the 
Ifle  of  Man  nearly  at  the  fame  time.  That  the  tide  conti- 
nues its  courfe  fouthward  may  be  inferred  from  its  being 
high  water  at  Ufhant,  oppofite  to  Breft  io  France,  about 
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an  hour  after  the  time  of  high  water  at  Cape  Clear,  on  the 
fouthern  coaft  of  Ireland.  Between  the  Lizard  Point  in 
Cornwall  and  the  ifland  of  Ufliant,  the  tide  flows  eaftward, 
or  eaft-north-eaft,  up  the  Englilh  Channel,  along  the  coafts 
of  Englind  and  France,  and  fo  on  through  the  ilrait  of 
Dover  till  it  comes  to  the  Godwin  Sands  or  Galloper,  where 
it  meets  the  tide  on  the  eaflern  coaft  of  England,  as  has 
been  obferved  before.  The  meeting  of  thefe  two  tides 
contributes  greatly  towards  fending  a powerful  tide  up  the 
river  Thames  to  London  ; and,  when  the  natural  courfe  of 
thefe  two  tides  has  been  interrupted  by  a fudden  change  of 
the  wind,  fo  as  to  accelerate  the  tide  which  it  had  before 
retarded,  and  to  drive  back  that  tide  which  had  before  been 
driven  forward  by  the  wind,  this  caufe  has  been  known  to 
produce  twice  high  water  in  the  courfe  of  three  or  four 
hours.  The  above  account  of  the  Britifli  tides  feems  to 
contradift  the  general  theory  of  the  motion  of  the  tides, 
which  ought  always  to  follow  the  moon,  and  flow  from  eaft 
to  weft  : but,  to  allow  the  tides  their  full  motion,  the  ocean 
in  which  they  are  produced  ought  to  extend  from  eaft  to 
weft  at  leaft  90  degrees,  or  6255  Englifli  miles  ; becaufe 
that  is  the  diftance  between  the  places  where  the  water  is  the 
moft  raifed  and  deprefled  by  the  moon.  Hence  it  appeal's 
that  it  is  only  in  the  great  oceans  that  the  tide  can  flow  re- 
gularly from  eaft  to  weft  ; and  hence  we  alfo  fee  why  the 
tides  in  the  Pacific  ocean  exceed  thofe  in  the  Atlantic,  and 
why  the  tides  in  the  torrid  zone,  between  Africa  and  Ame- 
rica, though  nearly  under  the  moon,  do  not  rife  fo  high 
as  in  the  temperate  zones  northward  and  fouthward,  where 
the  ocean  is  confiderably  w’ider.  The  tides  in  the  Atlantic, 
in  the  torrid  zone,  flow  from  eaft  to  weft  till  they  are  ftopped 
by  the  continent  of  America  ; and  the  trade  winds  likewife 
continue  to  blow  in  that  direftion.  When  the  action  of 
the  moon  upon  the  waters  has  in  fome  degree  ceafed,  the 
force  of  the  trade  winds,  in  a great  meafure,  prevents  their 
return  towards  the  African  fhores.  The  water  thus  accu- 
mulated * in  the  gulf  of  Mexico,  return  to  the  Atlantic  be- 
tween 


* Tfc  {hew  that  an  accumulation  of  water  does  take  place  in  the  gulf  of 
Mexico,  -alurvey  was  made  atrofs  the  iltlimus  of  Darien,  when  th«  wa- 
ter 
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between  the  ifland  of  Cuba,  the  Bahama  iflands,  and  Eaft 
Florida,  and  form  that  remarkable  ftrong  current  called  the 
gulf  of  Florida. 


Chapter  VII. 

Of  the  natural  Changes  of  the  earth,  caufed  by  Mountains^ 
Floods,  Volcanoes,  and  Earthquakes. 

That  there  have  always  been  mountains  from  the 
foundation  of  the  world,  is  ae  certain  as  that  there 
have  always  been  rivers,  both  from  reafon  and  revelation *  * ; 
for  they  were  as  neceflary  before  the  flood  for  every  purpofe 
as  they  are  at  prefent.  If  the  earth  were  perfectly  level  (as 
fome  of  Our  world-makers  have  imagined,  though  direfUy 
contrary  to  the  Scripture)  there  could  be  no  rivers,  for  wa- 
ter can  flow  only  from  a higher  to  a lower  place  ^ and  iu- 
ftead  of  -that  beautiful  variety  of  hills  and  valleys,  verdant 
- fields,  forefts,  &c.  which  ferve  to  difplay  the  goodnefs  and 
beneficence  of  the  Deity,  a difmal  fea  would  cover  the  whole 
face  of  the  earth,  and  render  it  at  beft  an  habitation  for 
aquatic  animals  only. 

All  mountains  and  high  places  continually  decreafe  in 
height.  Rivers  running  near  mountains  undermine  and 
. warn  a part  of  them  away,  and  rain  falling  on  their  fum- 
inits  waflies  away  the  loofe  parts,  and  faps  the  foundations 
oF the  folid  parts,  fo  that,  in  courfe  of  time,  they  tumble 
down.  Thus,  old  buildings  on  the  tops  of  mountains  are 
obferved  to  have  their  foundations  laid  bare  by  the  gradual 
walking  away  of  the  earth.  In  plains  and  valleys  we  find  a 


ler  on  the  Atlantic  was  found  to  be  fourteen  feet  higher  than  the  wa- 
ter on  the  Pacitic  fide.  Walker’s  Familiar  Philofophy,  l.etture  xi. 

• Pour  rivers,  or  rather  four  branches  of  one  river,  are  exprefsly  men- 
tioned before  the  flood,*  viz.  Pifon,  Giio/t,  HiJdcitl,  and  ihc  Euphrates. 
Genefis,  chap.  ii.  And  in  the  7th  chapter  of  Genefis,  at  the  time  of  the 
flood,  we  are  told  that  the  fountains  of  th#  great  deep  were  broken  up, 
the  windows  of  heaven  were  opened,  the  waters  prevailed  exceedingly  up- 
«Q  the  eaith,  and  all  the  high  hiUs  and  th£  mwitaiti  wvre  tevered. 

E 6 contrary. , 
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contrary  effe6l ; the  particles  of  earth  waflied  down  froni 
the  hills,  lill  up  the  valleys,  and  ancient  houfes,  built  in 
low  places  feem  to  fink.  For  the  fame  reafon  a quantity  of 
mud,  dime,  fand,  earth,  &c.  which  is  continually  waihed 
down  from  the  higher  places  into  the  rivers,  is  carried  by 
the  ftream,  and  by  degrees  choaks  up  the  mouths  of  rivers, 
efpecially  when  the  foil  through  which  they  run  is  of  a loofe 
and  rich  quality.  Thus,  the  water  of  the  river  Mifliffippi, 
though  wholefome  and  well  tailed,  is  fo  muddy,  that  a fe- 
diment  of  two  inches  of  dime  has  been  found  in  a half  pint 
tumbler  of  it  * ; this  river  is  choakcd  up  at  the  mouth  with 
the  mud,  trees,  &c.  which  arc  walked  dow-a  it  by  the  rapi- 
dity of  the  current. 

A circumltance  related  by  Dr.  Plot,  in  his  Natural  Hif- 
tory  of  Staffordlhire,  will  ferve  to  give  an  idea  of  the  quan- 
tity  of  earth  which  the  rain  wadies  from  mountains,  and  car- 
ries along  with  it  into  the  valleys.  He  fays,  that,  at  eighteen 
feet  deep  in  the  earth,  a great  number  of  pieces  of  money, 
coined  in  the  reign  of  Edward  V,  (viz.  two  hundred  years 
before  his  time),  have  been  found  ; fo  that  this  ground 
which  is  boggy,  has  increafed  near  a foot  in  eleven  years, 
or  an  inch  and  one-twelfth  every  year. 

The  higheft  mountains  in  the  world  are  the  Andes,  in 
South  America,  which  extend  near  4300  miles  in  length, 
from  the  province  of  Quito  to  the  llrait  of  Magellan  ; the 
higheft,  called  Chimborago,  is  fald  to  be  20608  feet,  ot 
near  four  miles,  above  the  level  of  the  fea  : 2400  feet  of 
w'hich,  from  the  fummit,  are  always  covered  with  fnow. 
From  experiments  made  with  a barometer  -j-  on  the  moun- 
tain Cotbpaxi,  another  part  of  the  Andes,  it  appeared  that 
its  fummit  was  elevated  6252  yards,  or  upwards  of  3^  miles 
above  the  fwrface  of  the  fea.  There  is  a mountain  in  the 
ifland  of  Sumatra,  called  Ophir  by  the  Europeans,  the 


* Morfe’s  American  Geography. 

The  quickfilver  in  a barometer  falls  about  i -tenth  of  an  inch  qvery 
3a  yards  of  height ; fo  that,  if  the  quickfilver  trefeend  3-temhs  of  an 
inch,  in  afeending  a hill,  the  perpendicular  height  of  that  hill  will  he  96 
yards.  This  method  is  liable  to  error.  See  the  Caufes  which  affect  the 
Accuracy  of  Barometricil  Experiments,  in  the  Edinburgh  Phildfophical 
^'raufa^ons  by  Mr.  Playfair. 
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fummit  of  which  is  13842  feet  high  : the  Peak  of  Tene- 
riffe,  in  the  ifland  of  that  name,  is  faid  to  be  13265  feet,  or 
upwards  of  2 § miles  high.  Mont  Blanc,  the  higheft  moun-' 
tain  in  Europe,  is  15304  feet  above  the  level  of  the  fea. 
Thefe  irregularities,  although  very  confiderable  with  refpeft 
to  us,  are  nothing  when  compared  with  the  magnitude  of 
the  globe  ; thus  if  an  inch  were  divided  into  one  hundred 
and  eleven  parts,  the  elevation  of  Chimborazo  the  higheft 
of  tl>e  Andes,  on  a globe  of  eighteen  inches  in  diameter, 
would  be  repiefented  by  one  * of  thefe  parts. 

Hence  the  earth,  which  appears  to  be  crofled  by  the 
enormous  height  of  mountains,  and  cut  by  the  valleys  and 
the  great  depth  of  the  fea,  is  neverthelefs,  with  refpeft  to 
its  magnitude,  only  very  (lightly  furrowed  with  irregulari- 
ties, fo  trifling  indeed  as  to  caufe  no  difference  in  its  figure. 

Having,  in  fome  meafilre,  accounted  for  the  defcending 
of  the  earth  from  the  hills,  and  filling  up  the  valleys,  (lop- 
ping the  mouths  of  rivers,  &c.  which  are  gradual  and  much 
the  fame  in  all  ages,  the  more  remarkable  changes  may  be 
reduced  to  two  general  caufes,  floods  and  earthquakes. 

The  real  or  fabulous  deluges  mentioned  by  the  ancients, 
may  be  reduced  to  fix  or  feven,  and,  though  fome  authors 
have  endeavoured  to  reprefent  them  all  as  imperfeft  tradi- 
tions of  the  univerfal  deluge,  recorded  in  the  facred  writ- 
ings, the  abbe  Mann  f,  from  whom  the  following  obfer- 
vations  are  extradled,  does  not  doubt  but  that  they  re- 
fer to  various  real  and  diftin£l  events  of  the  kind. 

1 . The  fubmerfion  of  the  Atlantis  of  Plato,  probably  was 

the  real  fubfidence  of  a great  ifland,  llretching  from  the  Ca- 
naries to  the  Azores,  of  w'hich  thofe  groups  of  fmall  iflands 
are  the  relics.  ‘ 

2.  The  deluge  in  the  time  of  Cadmus  and  Dardamisj 
placed  by  the  bed  chronologifts  in  the  year  before  Chrift 
1477,  is  faid  by  Diodorus  Siculus  to  have  inundated  Samo- 
thrace  and  the  Afiatic  fliores  of  the  Euxine  fea. 


* Seethefirfl  note  (Chap  III.  page  54)  of  the  Figure  of  the  F.arth. 

•j-  Vide  Nouveaux  Memoires  de  I’Academie  Imperiale  & Royale  de 
Sciences  et  des  Belles  Lettres,  de  Bruflels,  tome  premier,  1788. 

f The  ancient  names  whicl)  occur  here  may  all  be  found  in  l.env 
priere’s  Clalfical  Dkliooary. 
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3.  The  deluge  of  Deucalion,  which  the  Arundelian 
marbles  *,  or  the  Parian  chronicles,  fix  at  1529  years  be- 
fore Chrill,  overwhelmed  Theffaly. 

4.  The  deluge  of  Ogyges,  placed  by  Acufilaus  in  the 
year  anfwering  to  1796  before  Chrift,  laid  wade  Attica  and 
Boeotia.  With  the  poetical  and  fabulous  accounts  of  Deu- 
calion’s flood  are  mingled  feveral  circumftances  of  the  uni- 
verfal  deluge  ; but  the  bell  writers  attell  the  locality  and 
diftindlnefs  both  of  the  flood  of  Deucalion  and  Ogyges. 

5.  Diodorus  Siculus,  after  Manetho,  mentions  a flood 
which  inundated  all  Egypt  in  the  reign  of  Ofiris  ; but,  in 
the  relations  of  this  event,  are  feveral  circumflances^  refem- 
bling  the  hiltory  of  Noah’s  flood. 

6.  The  account  given  by  Berofus  the  Chaldean,  of  an 
univerfal  deluge  in  the  leign  of  Xifuthrus,  evidently  re- 
lates to  the  fame  event  with  the  flood  of  Noah. 

7.  The  Perfian  Guebres,  the  Bramins,  Chinefe,  and 
Americans,  have  alfo  their  traditions  of  an  univerfal  deluge. 
The  account  of  the  deluge  in  the  Koran  has  this  remarkable 
circumllance,  that  the  waters  which  covered  the  earth  are 
reprefented  as  proceeding  from  the  boiling  over  of  the 
cauldron  •]-,  or  oven,  Tannour,  within  the  bowels  of  the 
earth  ; and  that,  when  the  waters  fubfided,  they  were  fwal- 
lowed  up  again  by  the  earth. 

The  abbe  next  gives  a fummary  of  the  Scripture  account 
of  Noah’s  flood,  and  points  out  very  clearly,  that  part  of 
the  waters  came  from  the  atmofphcre,  and  part  from  under 
ground  agreeable  to  the  11th  verfe  of  the  viith  chapter  of 
Genefis. 

Earthquakes  are  another  great  caufe  of  the  changes  made 
in  the  earth.  From  hiftory,  we  have  innumerable  inftances 
of  the  dreadful  and  various  effects  of  thcfe  tcnible  phcno- 


* Ancient  ftones,  whereon  isinfcribed  a chronical  of  the  city  of  Athens, 
^«Hgraven  in  capital  letters,  in  the  ifland  of  Paros,  one  of  the  Cyclades, 
364  years  before  Chrift.  'They  take  their  name  from  I'homas  Earl 
of  Arundel,  who  procured  them  from  the  Eart.  'They  were  prefenred  to 
the  Univerfity  of  Oxford  in  the  year  1667,  by  the  Hon.  Henry  Howard, 
afterwards  duke  of  Norfolk  grandfon  to  the  firft  colIeAor  of  thenv. 

f This  circumftance  is  mentioned  here,  becaufe  it  agrees  with  Mr< 
Whitehurft’s  theory  of  the  earth ; he  fuppofes  the  flood  was  occalioncd 
ky  the  expanfive  force  of  fixe  generated  at  the  centre  of  die  earth. 
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itiena.  Pliny  has  not  only  recorded  many  extraordinary 
phenomena  which  happened  in  his  own  time,  but  has  like- 
wife  borrowed  many  others  from  the  writings  of  more  an- 
cient nations. 

1 . A city  of  the  Lacedemonians  was  deftroyed  by  an 
earthquake,  and  its  ruins  wholly  buried  by  the  mountain 
Taygetus  falling  down  upon  tliem  * * * §. 

2.  In  the  books  of  the  Tufean  Learning  an  earthquake  is 
recorded,  which  happened  within  the  territory  of  Modena, 
wdien  L.  Martius  and  S.  Julius  were  confuls,  wdiich  repeat- 
edly dafhed  two  hills  againft  each  other  ; with  this  conflitl 
all  the  villages  and  many  cattle  w'ere  deftroyed. 

3.  The  greateft  earthquake  in  the  memory  of  man  was 
that  w'hich  happened  during  the  reign  of  Tiberius  Csefar, 
W'hen  twelve  cities  of  Afia  w’ere  laid  level  in  one  night  -f-. 

4.  The  eruption  of  Yefiivius,  in  the  year  79  J,  over- 
whelmed the  two  famous  cities  of  Herculaneum  ^ and  Pom- 
peii, by  a ftiower  of  ftones,  cinders,  afhes,  fand,  &c.  and 
totally  covered  them  many  feet  deep,  as  the  people  were 
fitting  in  the  theatre.  The  former  of  thefe  cities  was  fituated 
about  four  miles  from  the  crater,  and  the  latter  about  fix. 

By  the  violence  of  this  eruption,  afties  were  carried  over 
the  Mediterranean  fea  into  Africa,  Egypt,  and  Syria ; and 
at  Rome  they  darkened  the  air  on  a fudden,  fo  as  to  hide 
the  face  of  the  fun  |(. 

5.  In  the  year  1533,  large  pieces  of  rock  w’ere  throwui 
to  the  dillance  of  fifteen  miles,  by  the  volcano  Cotopaxi  in 
Peru  51 . 

6.  On  the  29th  of  September  1535,  previous  to  an  erup- 
tion near  Puzzoli,  which  formed  a new  mountain  of  three 
miles  in  circumference,  and  upwards  of  1200  feet  perpen- 


• Pliny’s  Natur.il  Hiftory,  chap.  79. 

f Pliny,  chap.  84. 

^ Pliny  loft  his  life  by  this  eruption,  from  too  eager  a curiofity  in  view- 
kig  the  flames. 

§ This  city  was  difeovered  in  the  year  1736,  eighty  feet  below  the  fur- 
face  of  the  earth  ; and  fome  of  the  ftreets  of  Pompeii,  &c.  have  fince  been 
difeovered. 

[j  Burnet’s  Sacred  Hiftory,  page  8j,  vol,  ii. 

^ Ulloa’s  Voyage  to  Peru,  voL  L page  354. 
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dicular  height,  the  earth  frequently  rtiook,  and  the  plain 
lying  between  the  lake  Averno,  mount  Barbaro,  and  the 
fea,  was  raifed  a little  ; at  the  fame  time  the  fea,  which 
was  near  the  plain,  retired  two  hundred  paces  from  the 
fhore  *. 

7.  In  the  year  1538,  a fubterraneous  fire  burft  open  the 
earth  near  Puzzoli,  and  threw  fuch  a vaft  quantity  of  afhes 
and  pumice  ftones,  mixed  with  water,  as  covered  the  whole 
country,  and  thus  formed  a new  mountain,  not  lefs  than 
three  miles  in  circumference,  and  near  a quarter  of  a mile 
perpendicular  height.  Some  of  the  afhes  of  this  volcano 
reached  the  vale  of  Diana,  and  fome  parts  of  Calabria, 
which  are  more  than  one  hundred  and  fifty  miles  from 
Puzzoli  f • 

8.  In  the  year  J538,  the  famous  town  called  St.  Eii- 
phemia,  in  Calabria  Ulterior,  fituated  at  the  fide  of  the  bay 
under  the  jurifdiftion  of  the  knights  of  Malta,  was  totally 
fwallowed  up  with  all  its  inhabitants,  and  nothing  appeared 
but  a fetid  lake  in  the  place  of  it  if. 

9.  A mountain  in  .lava,  not  far  from  the  town  of  Pana- 
cura,  in  the  year  1586,  was  fhattered  to  pieces  by  a violent 
eruption  of  glowing  fulphur  (though  it  had  never  burnt  be- 
fore), whereby  ten  thoufand  people  periflied  in  the  under- 
land fields  §. 

10.  In  the  year  i6co,  an  earthquake  happened  at  Ar- 
quepa  in  Peru,  accompanied  with  an  eruption  or  fand,  aflies, 
&c.  which  continued  during  the  fpace  of  twenty  days,  from 
a volcano  breaking  forth  : the  afhes  falling,  in  many  places, 
above  a yard  thick,  and  in  fome  places  more  than  two,  and 
•u’here  leaft,  above  a quarter  of  a yard  deep,  which  buried 
the  corn  grounds  of  maize  and  wheat.  The  boughs  of 
trees  were  broken,  and  the  cattle  died  for  want  of  palture  ; 
for  the  fand  and  afhes,  thus  erupted,  covered  the  fields 
ninety  miles  one  way,  and  one  hundred  and  twenty  ano- 
ther way.  Daring  the  eruption,  mighty  thunders,  and 
j.ghtnings  were  heard  and  feen  ninety  miles  round  Arquepa, 

* Sir  W.  Hamilton’s  Obfervations  on  Vefuvius* 

•j-  Ibid,  p,  128. 

:J  Dr.  Hooke’s  Poft.  p.  30S. 

§ Vaxenius’  Geography,  vol.  i.  p.  j^o. 
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and  it  was  fo  dark  whilft  the  ihowers  of  aflies  and  fand 
lafted,  that  the  inhabitants  were  obliged  to  bum  caudles  at 
mid-day* * * §. 

11.  On  the  i6th  of  June  1628,  there  was  fo  terrible  an 
earthquake  in  the  ifland  of  St.  Michael,  one  of  the  Azores, 
that  the  fea  near  it  opened,  and  in  one  place  where  it  was 
one  hundred  and  fixty  fathoms  deep,  threw  up  an  illand  ; 
which  in  fifteen  days,  was  three  leagues  long,  a league  and 
a half  broad,  and  360  feet  above  the  water  f. 

12.  In  the  year  1631  vaft  quantities  of  boiling  water 
flowed  from  the  crater  of  Vefuvius  previous  to  an  eruption 
of  fire  ; the  violence  of  the  flood  fwept  away  feveral  towns 
and  villages,  and  fome  thoufands  of  inhabitants 

13.  In  the  year  1632,  rocks  were  thrown  to  the  diftance 
of  three  miles  from  VefuviuS'i^. 

14.  In  the  year  1646,  many  of  thofe  vaft  mountains  the 
Andes  II  were  quite  fwallowed  up  and  loft  ^ . 

15.  In  the  year  1692,  a great  part  of  Port  Royal  in  Ja- 
maica was  funk  by  an  earthquake,  and  remains  covered- 
with  water  feveral  fathoms  deep  ; fome  mountains  along 
the  rivers  were  joined  together,  and  a plantation  was  re- 
moved half  a mile  from  the  place  where  it  formerly  ftood**. 

16.  On  the  1 1 th  of  January  1693,  ^ great  earthquake 
happened  in  Sicily,  and  chiefly  about  Catania  ; the  violent 
lhaking  of  the  earth  threatened  the  whole  ifland  with  entire 
defolation.  The  earth  opened  in  feveral  places  in  very 
long  clefts,  fome  three  or  four  inches  broad,  others  like 
great  gulfs.  Not  lefs  than  59,969  perfons  were  deftroyed 
by  the  falling  ofhoufesin  different  parts  of  Sicily 

17.  In  the  year  1699,  feven  hills  were  funk  by  an  earth- 
quake in  the  ifland  of  Java,  near  the  head  of  the  great  Ba- 


* Dr.  Hooke’s  Poft.  p.  304- 

f Sir  W.  Hamilton’s  Obfervations  on  Vefuvius  and  .flStna,  page  159. 

i Ibid. 

§ B.-iddam’s  Abridg.  Phil.  Tranf.  vol.  iL  p.  417. 

(I  M.  Condaraine  reprel'ents  thefe  mountains  and  the  Apennines  n 
chains  of  volcanoes.  See  his  Tour  through  Italy,  17JJ. 

^ Dr.  Hooke’s  Poft.  p.  306. 

I.owthorp’s  Abridg.  PhiL  Tran!',  vol.ii.  p.  417. 
if  Ibid.  vol.  ii.  p.  408,  409. 
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tavian  river^  and  nine  mofe  uere  alfo  funk  near'  the  Tan- 
garang  river.  Between  the  Batavian  and  Tangarang  ri- 
vers, the  land  was  rent  and  divided  afunder,  with  great 
clefts  more  than  a foot  wide  *. 

1 8.  On  the.  20th  of  November  1720,  a fubterraneous  fire 
burft  out  of  the  fea  near  Tercera,  one  of  the  Azores,  whicB 
threw  up  fucli  a vail  quantity  of  Hones,  &c.  in  the  Ipace  of 
thirty  days,  as  formed  an  ifland  about  two  leagues  in  diame- 
ter, and  nearly  circular.  Prodigious  quantities  of  pumice 
Hone,  and  half-broiled  filh,  were  found  floating  on  the  fea 
for  many  leagues  round  the  ifland  f . 

19;  In  the.  year  1746,  Calloa,  a confideralfle  garrifon 
town  and  fea  port  in  Peru,  containing  5000  inhabitants,  was 
violently  fliaken  by  an  eartliquake  on  the  28th  of  Oclober  ; 
and  the  people  had  no  fooner  begun  to  recover  from  tlie  ter- 
ror occafioned  by  the  dreadful  convulfion,  than  the  fea 
rolled  in  upon  them  in  mountainous  waves,  and  deflroyed 
the  whole  town.  The  elevatiomof  this  extraordinary  tide 
was  fuch  as  conveyed  fliips  of  burden  over  the  garrifon  walls, 
the  towers,  and  the  town.  The  town  was  razed  to  the 
ground  and  fo  completely  covered  with  fand,  gravel,  &c* 
that  not  a vellige  of  it  remained 

80.  Previous  to  an  eruption  of  Vefuvius,  the  earth 
trembles,  and  fubterraneous  explofions  are  heard  ; the  fea 
likewife  retires  from  the  adjacent  fhore,  till  the  mountain 
is  burft  open,  then  returns  with  impetuofity  and  overflows 
its  ufual  boundary.  Thefe- undulations*  of  the  fea  are  not 
peculiar  to  Vefuvius  :-the  earthquake  which  deflroyed  Lif- 
bon  on  the  firft  of  November  1755,  was  preceded  by  a 
rumbling  noife,  which  increafed  to  fuch  a degree  as  to  equal 
the  explofion  of  the  loudeft  cannon.  About  an  hour  after 
thefe  fliocks,  the  fea  was  obferved  from  the  high  grounds 
to  come  rufliing  towards  the  city  like  a torrent,  though 
againll  wind  and  tide  it  rofe  forty  feet  higher  than  was 
ever  known  and  fiiddenly  fubflded.  At  Rotterdam,  the 
branches  or  chandeliers  in  a church  were  obferved  to  ofdl- 
late  like  a pendulum  ; and’we  are  told  that  it  is  no  uncom- 


* J.osvthorp’s  Abridg.  Phil.  Tranf.  vol.ii.  p.  419. 

•f  hames’  Abridg.  Phi).  Tranf. vol.  vi.  pari  ii.  page  203,. 
j Ofljoriit’s  Relation  of  Earthquakes, 


mon. 
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fiion  thing  to  fee  the  furface  of  the  earth  undulate  as  the 
\va\cs  of  the  fea  at  the  time  of  thefe  dreadful  convulfions  of 
nature  *. 

2 1 . The  lafl;  eruption  of  Vefuvius  happened  in  July  1794, 
being  the  moft  violent  and  deftruftive  of  any  mentioned  in 
hillory,  except  thofe  in  79  and  1631.  The  lava  covered 
and  totally  dellroyed  5000  acres  of  rich  vineyards  and  cul- 
tivated lands  ; and  overw'heln^ed  the  town  of  Torre-del- 
Greco  ; the  inhabitants,  amounting  to  18,000,  fortunately 
cfcaped  ; and  the  town  is  now  rebuilding  on  the  lava  that 
covers  their  former  habitations.  By  this  eruption  the  top 
of  the  mountain  fell  in,  and  the  mouth  of  Vefuvius  is  now 
little  fhort  of  two  miles  in  circumference. 

Earthquakes  are  generally  fuppofed  to  be  caufed  by-ni- 
t!*ous  and  fulphureous  vapours,  inclofed  in  the  bowels  of  the 
earth,  which  by  fonie  accident  take  fire  where  there  is  little 
or  no  vent.  Thefe  vapours  may  take  fire  by  fermentation  f , 
or  by  the  accidental  falling  of  rocks  and  ftones  in  hollow 
places  of  the  earth,  and  ftriking  againft  each  other.  When 
the  matters  which  form  fubterraneous  fires  ferment,  heat, 
and  inflame,  the  fire  makes  an  elfort  on  every  fide,  and,  if 
it  does  not  find  a natural  vent,  it  raifes  the  earth  and  fonrfs 
a palfage  by  throwing  it  up,  producing  a volcano.  If  the 
quantity  of  fubftances  which  take  fire  be  not  confidenible, 
an  earthquake  may  enfue  without  a volcano  being  formed. 
The  air  produced  and  rarefied  by  the  fubterraneous  fire, 
may  alfo  find  fmall  vents  by  which  it  may  efcape,  and  in 
this  cafe  there  wiJI  only  be  a fliock,  without  any  eruption 
or  volcano.  Again,  all  inflammable  fubftances,  capable  of 
explofion,  produce  by  inflammation  a great  quantity  of 
air  and  vapour,  and  fuch  air  will  neceffarily  be  in  a ftate  of 
very  great  rarefaftion  when  it  is  comprefl'ed  in  a fmall 
fpace,  like  that  of  a cavern,  it  will  not  lhake  the  earth  im- 
mediately above,  but  will  fearch  for  paflages  in  order  to 


* Sec  the  Pliil.  Tranf.  rerperting  the  earthquake  on  tlic  firft  of^Novem- 
her  1755,  vol.  xhx.  part  i. 

I An  equal  quantity  of  lulphur  ami  the  filings  of  iron  (about  lO  or 
15  lb.)  worked  into  a pafte  witli  water,  and  buried  in  the  ground,  will 
, huril  into  a flame  in  eight  or  ten  hours,  and  caufe  the  earth  round  it  to 
tremble. 

make 
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mate  its  efcape,  and  will  proceed  through  the  feveral  inter- 
ftices  between  the  different  ftrata,  or  through  any  channel 
or  cavern  which  may  afford  it  a paffage.  This  futterra- 
neous  air  or  vapour  will  produce  in  its  paffage  a noife  and 
motion  proportionable  to  its  force  and  the  refiflance  it  meets 
with  ; thefe  effefts  will  continue  till  it  finds  a vent,  perhaps 
in  the  fea,  or  till  it  has  diminifhed  its  force  by  expanlion. 

Mr.  Whitehurft  imagines,  that  fii'e  and  water  are  the 
principal  agents  employed  in  thefe  dreadful  operations  of 
nature  * ; and  that  the  undulations  of  the  fea  and  the  earth, 
and  the  ofcillation  of  pendulous  bodies,  are  phenomena 
which  arife  from  the  expanfive  force  of  fleam,  generated  in 
the  bowels  of  the  earth  by  means  of  fubterraneous  fires  ; the 
force  of  fleam  being  twenty-eight  times  greater  than  that  of 
gunpowder,  viz.  as  14000  is  to  500  •j*. 

It  is  evident,  that  there  is  a great  quantity  of  fleam  ge» 
nerated  in  the  bowels  of  the  earth,  efpecially  in  the  neigh*- 
bourhood  of  volcanoes,  from  the  frequent  eruptions  of  boil- 
ing water  and  fleam,  in  various  parts  of  the  world.  Dr. 
Uno  Von  Troil,  in  his  Letters  on  Iceland,  has  recorded 
many  curious  inflances.  One  fees  here,”  fays  he, 
“ within  the  circumference  of  half  a mile,  or  three  Englifh 
miles,  forty  or  fifty  boiling  fprings  together  : in  fome 
the  water  is  perfeftly  clear,  in  others  thick  and  clayey; 
“ in  fome,  where  it  paffes  through  a fine  ochre,  it  is  tinged 
red  as  fcarlet  ; and  in  others,  where  it  flows  over  a paler 
clay,  it  is  white  as  milk.”  The  water  fpouts  up  from 
fome  of  thefe  fprings  continually,  from  others  only  at  inter- 
vals. The  aperture  through  which  the  water  rofe  in  the 
largefl  fpring  was  nineteen  feet  in  diameter,  and  the  greatefl 
height  to  which  it  threw  a column  of  water  was  ninety-two 
feet.  Previous  to  this  eniption,  a fubterraneous  noife  was 
frequently  heard,  like  the  explofion  of  cannon  ; and  feveral 
ftones,  which  were  thrown  into  the  aperture  during  the 
eruption,  returned  with  the  fpouting  water. 


* M.  Dolomieu  leems  to  be  of  the  fame  opinion, 
t Inquiry  into  the  Original  State  and  Formation  of  the  Earth,  chap.  xi. 
page  1 1 a. 
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Chapter  VIII. 

Hypothefes  of  the  Antediluvian  luorld^  and  the  Caufe  of  Noalpt 

Flood, 

“ Go  teach  eternal  Wifdom  how  to  rule, 

'i  hen  drop  into  thyl'elf,  and  be  a fool.” 

Pop*. 

There  have  been  various  opinions,  conjeftures,  and 
hypothefes,  refpedling  the  original  formation  of  the 
earth.  The  writers  of  thefe  hypothefes,  not  fatisfied  with 
the  Mofaical  account  of  the  creation,  though  they  had  no 
other  certain  foundation  to  build  upon,  thought  themfelves 
at  liberty  to  model  the  earth  according  to  the  dictates  of 
their  own  imaginations.  Hence  we  have  had  as  great  a 
variety  of  theoretical  fyftcms  as  writers,  and  thefe  lo  con- 
tradidtory  and  difeordant  to  each  other,  that,  inftead  of 
throwing  light  oh  the  fubjeft,  they  have,  if  poflible,  in- 
volved it  in  greater  obfeurity  *. 

I.  Dr.  Burnet’s  Theory-|-. 

Dr.  Burnet  fuppofes  that  the  earth  was  originally  a fluid 
mafs  or  chaos,  compofed  of  various  fubftances,  differing 
both  in  denfity  and  figure  : tiiofe  which  were  the  moft  denfe 
funk  to  the  centre,  and  formed  there  a hard  folid  body ; 
thofe  which  were  fpecifically  lighter  remained  next  above ; 
and  the  waters,  which  were  fUll  lighter,  covered  the  whole 
furface  of  the  earth.  The  air  and  other  etliereal  fluids. 


• '1  he  objedt  of  all  the  writers  is  to  prove  thar  Noah’s  flood  might 
have  been  produced  by  natural  caufes,  without  the  immediate  Interpofi- 
tion  of  the  Almighty.  Each  of  thefe  hypothefes  contains  much  ufeful 
rinforraation,  bleijded  in  the  common  mafs  of  fidtion  and  conjedture.  The 
author  of  this  woik  has  been  induced  to  draw  up,  in  as  fmall  a compafs 
as  poflible,  a general  outline  of  each  of  thefe  hypothefes ; and  to  (hew  oc- 
cafio.nslly,  in  Ihort  notes,  the  infufficiency  of  any  of  them  to  account  for 
the  prefervation  of  mankind  and  the  different  animals,  without  the  parti- 
cular protedfion  of  the  Divine  Power. 

JSee  Dr  Keill’s  examination  and  confutation  of  this  theory.  Dr. 
dfmith,  in  his  Animated  Nature,  calls  it  a tlieory  alike  diftinguiflied 
far  the  elegance  of  its  language,  and  the  ihallowneCs  of  its  arguments. 

which 


which  were  lighter  than  water,  floated  above  the  waters, 
and  totally  furrounded  the  globe.  Between  the  waters, 
however,  and  the  circumambient  air,  was  formed  a coat 
of  oily  and  unftuous  matter,  lighter  than  water.  The  air 
at  tirfl;  was  very  impure,  and  mutt  neceflarily  have  carried 
up  with  it  many  of  thofe  particles  with  which  it  was  once 
blended  : however,  it  foon  began  to  purify  itfelf,  and  de- 
pofit  thofe  particles  upon  the  oily  cruft  above  mentioned, 
which  foon  uniting  together,  the  earth  and  oil  became  the 
cruft  of  vegetable  earth,  with  which  the  whole  globe  is 
now  covered. 

At  this  time  the  earth  was  fmooth,  regular,  and  uniform, 
without  mountains  and  without  a fea.  In  order  to  form 
fivers,  he  fuppofes  the  heat  of  the  fun  cracked  the  outward 
cruft  of  the  earth,  and  fo  raifed  vapours  from  the  great 
abyfs  below.  There  was  no  diverfity  or  alteration  of  the 
feafons  of  the  year,  but  a perpetual  fummer  ; the  heat  of 
the  fun  therefore,  afting  continually  upon  the  earth,  made 
the  cracks  or  filTures  wider  and  wider,  and,  as  it  reached 
the  waters  in  the  abyfs,  it  began  to  rarefy  them,  and  gene- 
rate fteam  or  vapour. 

Thefe  vapours  being  pent  in  by  the  exterior  earth,  prefled 
with  violence  againft  the  cruft,  and  broke  it  into  millions  of 
fragments*  ; thefe  fragments  falling  into  the  abyfs,  drew 
down  with  them  vaft  quantities  of  air,  and  by  dafliing  againft 
each  other,  and  breaking  into  fmall  parts  by  the  repeated 
violence  of  the  fliock,  they  at  length  left  between  them 
large  cavities,  containing  nothing  but  air.  Thefe  cavities 
naturally  offered  a bed  to  receive  the  influent  waters  ; and. 


* During  thefe  violent  convulfions  in  nature,  how  were  Noah  and  the 
animals  preferved  without  the  immediate  interpofition  of  Providence  ? 
'I'he  only  animals  that  could  ftand  any  chance  of  efcaping  deftruftioa 
would  be  the  fiihes;  and  how  they  could  exift  in  the  great  abyfs  below, 
without  air,  is  not  eafy  to  conceive.  I’here  was  no  water  on  the  furfate 
of  the  earth  till  the  excellive  heat  of  the  fun  cracked  the  oily  and  vege- 
table cruil ; now,  if  the  animals  and  Adam,  &c.  were  created  before  this 
cruft  was  cracked,  how  did  they  exift  without  water  ? In  the  Mofaical 
account  of  the  creation,  in  the  flrli  chapter  of  Genefis,  we  find  die  wifdom 
and  goodnefs  of  God  difplayed,  by  providing  fulfiltciice  for  liij  creatures 
bofijre  tliey  were  created. 
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in  proportion  ns  they  filled,  the  face  of  the  earth  became 
once  more  vifible. 

The  higher  parts  of  its  furface  now  became  the  tops  of 
mountains,  and  were  the  firll  that  appeared  ; the  plains  next 
made  their  appearance  ; and  at  length  the  whole  globe  wa» 
freed  from  the  waters,  except  the  places  in  the  loweft  lla- 
tions  ; fo  that  the  ocean  and  feas  are  Hill  a part  of  the  an- 
cient abyfs.  Iflands  and  rocks  are  fragments  of  the  earth’s 
former  cruft  ; continents  are  larger  mafl'es  of  its  broken 
fubftance ; and  all  the  inequalities  which  are  to  be  found  on 
the  furface  of  the  prefent  earth,  are  effedls  of  the  confufion 
into  which  both  the  earth  and  water  were  at  that  time 
thrown. 


;z.  Dr.  Woodward’s  Theory*. 

Dr.  Woodward  begins  with  afierting,  that  all  earthly 
fubftances  are  difpofed  in  beds  of  various  natures,  lying  ho- 
rizontally one  over  the  other,  fimilar  to  the  coats  of  an 
onion  ; that  they  are  replete  with  fiiells  and  other  produc- 
tions of  the  fea,  thefe  Ihells  being  found  in  the  deepeft  ca- 
vities, and  on  the  tops  of  the  higheft  mountains. 

From  thefe  obfervations,  which  are -warranted  by  expe- 
rience, he  proceeds  to  obferve,  that  thefe  fhells  and  extra- 
neous foflils  are  not  produftions  of  the  earth,  but  are  all 
actual  remains  of  thofe  animals  which  they  are  known  to 
refemble  ; that  all  the  ftrata  or  beds  of  earth  lie  underneath* 
each  other  in  the  order  of  their  Ipecific  gravity -j-,  and  that 
they  are  difpofed  as  if  they  had  been  left  there  by  fubliding 
waters,  coufequently  all  the  fubftances  of  which  the  earth 
was  compofed  were  originally  in  a ftate  of  dilTolution.  This 
diflblution  he  fuppofes  to  have  taken  place  at  the  flood:  but, 
being  aware  of  an  objeftion,  that  the  (hells,  &c.  fuppofed  to 


* See  Dr.  Arbuthnot’s  eynmin.ition  of  this  theory,  and  comparifon 
thereof  with  Steno's  hypothefis. 

•f-  I'his  is  by  no  means  true,  for  w'e  find  layers- of  ftone  over  the  lighted 
foils,  and  the  fofted  earth  under  the  bardeft  bodies.  The  fpecific  gra- 
vity of  water  is  lefs  than  that  of  earth,  and  therefore  would,  if  this  hypo- 
thefis were  true,  conllantly  overflow  the  earth ; and  inltcad  of  a terra- 
queous, we  ihould  have  mu  aqueous  furface,  a fit  habitation  for  nothing  but 
£ljws ! 
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have  been  depofited  at  the  flood,  are  not  diflblvcd,  he  ex- 
empts them  from  the  folvent  power  of  the  waters,  and  en- 
deavours to  fliew  that  they  have  a flj-onger  cohefion  than 
minerals  ; and  that  while  even  the  hardeft  rocks  axe  diflblv- 
Qd,  bones  and  (hells  may  remain  entire. 


Mr.  Whifton  ''  he  earth  was  originally  a comet ; 


mencing  at  the  time  when  the  Creator  placed  this  comet  in 
a more  regular  manner,  and  made  it  a planet  in  the  folar 
fyftem.  Before  that  time  he  fuppofes  it  to  have  been  a 
globe  without  beauty  or  proportion  ; a world  in  diforder, 
fubjedl  to  all  the  viciflitudes  that  comets  endure,  and  alter- 
nately expofed  to  the  extremes  of  heat  and  cold.  Thefe  alter- 
nations of  heat  and  cold,  continually  melting  and  freezing 
the  furface  of  the  earth,  he  fuppofed  to  have  produced,  to 
a certain  depth,  a chaos  furrounding  the  folid  contents  of 
the  earth.  This  furrounding  chaos  ne  defcribes  as  a denfe 
though  fluid  atmofphere,  compofed  of  fubftances  mingled, 
agitated,  and  (hocked  againd  each  other  ; and  in  this  dif- 
order he  (uppofes  the  earth  to  have  been,  juft  at  the  com- 
mencement of  the  Mofaical  creation.  When  the  orbit  of 
the  comet  was  changed,  and  more  regularly  wheeled  round 
the  fun,  every  thing  took  fts  proper  place,  every  part  of 
the  furrounding  fluid  then  fell  into  a certain  (Ituation,  ac- 
cording as  it  was  light  or  heavy.  The  middle  or  central 
part  which  always  remained  unchanged,  dill  continued  fo  j 
retaining  a pail  of  that  heat  which  it  received  in  its  prime- 
val approaches  towards  the  fun  ; which  heat  he  calculates 
may  continue  about  fix  thoufand  years.  Next  to  tliis  fell 
the  heavier  parts  of  the  chaotic  atmofphere,  which  ferved 
to  fuftain  the  lighter : but  as  in  defeending,  they  could 
not  entirely  be  Separated  from  many  watery  parts,  with 
which  they  were  intimately  mixed,  they  drew  down  thefe 
alfo  along  with  them  ; and  thefe  could  not 'afeend  again 
after  the  furface  of  the  earth  was  confolidated.  Thus  the  en- 


3.  Mr  Whiston’s  Theory  *. 


and  confiders 


account  of  the  creation  as  com- 


4. 


* See  Di,  KeiU’s  examination  and  remarks  on  this  theory. 
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tire  body  of  the  earth  was  compofed,  next  the  centre,  of 
a great  burning  globe  of  more  tha«  2000  leagues  in  diame- 
ter : next  to  this  is  placed  a heavy'  earthy'  fubftance  which 
encompafl'es  it  ; round  which  is  circumfufed  a body  of 
water  ; and  upon  this  body  of  water  is  placed  the  cruft 
which  we  inhabit.  The  body  of  the  earth  being  thus  form- 
ed, the  air,  which  is  the  lightell  fubftance  of  all,  furrouudcd 
its  furface,  and  the  beams  of  the  fun  darting  through,  pro- 
duced the  light,  which  we  are  told  by  Mofes  llrft  obeyed  the 
Divine  command. 

The  w'hole  oeconomy  of  the  creation  being  thus  adjufted» 
it  only'  remains  to  account  for  the  rifmgs  and  deprefiions  on 
its  furface,  with  other  feemiug  irregularities  of  its  appearance. 
The  hills  and  valleys  are  by'  him  fuppofed  to  be  formed  by 
their  prefling  upon  the  internal  fluid,  which  fuftains  the 
external  (hell  of  earth,  with  greater  or  lefs  weight  : 
thofe  parts  of  the  earth  which  are  heavieft  fink  the  loweft 
into  the  fluid,  and  thus  become  valleys;  thofe  that  are  lighteft 
rife  higher  upon  the  earth’s  furface,  and  are  called  moun- 
tains. Such  was  the  face  of  nature  before  the  deluge  ; the 
earth  was  then  more  fertile  and  populous  than  at  prefent : 
the  lives  of  men  and  animals  were  extended  to  ten  times  their 
prefent  duration,  and  all  thefe  advantages  arofe  from  the 
fuperior  heat  of  the  central  globe,  which  has  ever  fince  been 
tooling. 

To  account  for  the  deluge,  he  fays  that  a comet  defeend- 
ing  in  the  plane  of  the  ecliptic  towards  its  perihelion,  on  the 
full  day  of  the  deluge,  pafledjufl  before  the  body  of  the 
earth.  This  comet,  when  it  came  below  the  moon,  would 
raife  a vaft  and  ftrong  tide,  both  in  the  feas  that  were  on 
the  furface,  and  in  the  abyfs  which  was  under  the  upper 
cruft  of  the  earth,  in  the  fame  manner  as  the  moon  at  pre- 
fent raifes  the  tides  in  the  ocean.  That  tlrefe  tides  would 
begin  to  rife  and  increafe  during  the  approach  of  the  comet, 
and  would  be  at  their  greatell  height  when  the  comet  was 
at  its  leaft  diftance  from  the  earth.  By  thefe  tides,  caufed 
by  the  attradlion  of  the  comet,  he  fuppofes  that  the  abyfs 
would  aflume  an  elliptical  figure,  the  furface  of  which  being 
much  larger  than  the  former  fpherical  one,  the  exterior 
cruft  of  earth  mull  conform  itfelf  to  the  fame  figure.  But 

F as 
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as  the  external  cruft  was  folid  and  compaft,  it  muft  of  ne- 
ceflity,  by  the  violent  force  of  the  tide,  be  ftretched  and 
broken*.  This  comet  by  palling  clofe  by  the  earth  involved 
it  in  its  atmofphere  and  tail  for  a confiderable  time,  and  left 
•a  prodi^ous  quantity  of  vapours  on  the  earth’s  furface. 
Thefe  vapours  being  very  much  rarefied  after  their  primary 
-fall,  would  be  immediately  drawn  up  into  the  air  again, 
and  afterwards  defeend  in  violent  rains,  and  would  be  the 
:caufe  of  the  forty  days  rain  mentioned  in  Scripture. 

The  reft  of  the  water  was  forced  upon  the  furface  of  the 
earth  by  the  vaft  and  prodigious  preffure  of  the  incumbent 
water  derived  from  the  comets  atmofphere,  which  funk  the 
outward  cruft  of  the  earth  into  the  abyfs.  By  thefe  means 
he  fuppofes  that  there  was  water  enough  brought  on  the 
furface  to  cover  the  whole  face  of  the  earth,  to  the  perpen- 
dicular height  of  three  miles.  And,  to  remove  this  body 
rf  water,  he  fuppofes  the  wind  dried  up  fome,  and  forced 
the  reft  through  the  cracks  and  filTures  of  the  earth  intothe 
iibyfs,  whence  great  part  of  it  had  ifiued. 

4.  Buffon’s  Theory. 

hi.  Dc  Buffon  begins  his  theory  by  attempting  to  prove 
that  this  world  which  we  Inhabit  is  nothing  more  than  the 
ruins  of  a world.  “ The  furface  of  this  immenfe  globe 
(fays  he.)  exhibits  to  our  obfervation,  heights,  depths', 
“ plains,  fea,  marllies,  rivers,  caverns,  gulphs,  volcanoes.; 
“ and  on  acurfory  view,  we  can  difeover  in  the  difpoTition 
“ of  thefe  objects  neither  order  nor  regularity.  If  we  pene- 
“ trate  into  the  bowels  of  the  earth,  we  find  metals,  minc- 


* How  was'the  aik  prcferved  during  this  commotion  ? To  prel'orve  the 
ark  without  'the  immediate  protedkrn  of  Providence,  it  would  be  necel'- 
fary  that  the  flood  of  writer  Ihould  be  perfeftly  calm,  and  free  from  dorms 
and  tcmpdls  ; hut  if  the  waters  were  fmooth,  and  underwent  no  violent 
agitation,  how  could  fliells  and  marine  bodies  be  thrown  upon  the  land  on 
the  topsdf  mountains,  or  be  buried  many  feet  deep  in  the  earth?  The 
calm  fea,  neceflTary  for  preferving  the  ark,  could  move  none  of  the  fliells  ; 
and  the  rough  fea,  ncceflary  for  .tranfporting  the  fliells,  woi.ld  dellroy 
the  ark, 

“ rals, 
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“ rals,  llonr,  bitumens,  lands,  earths,  waters,  and  matter 
“ of  every  kind,  placed  as  it  were  by  mere  accident,  and 
“ without  any  apparent  defi^n.  Upon  a nearer  and  more 
'•  attentive  infpeition,  we  dilcover  funk  mountains,  caverns 
filled  up,  Ihattered  rocks,  whole  countries  fwallowed  up, 
“ new'  illunds  emerged  from  the  ocean,  heavy'  fubilances 
“ placed  above  light  ones,  hard  bodies  inclofed  within  foft 
“ bodies  : in  a word  w'e  find  matter  in  every  form,  dry  and 
“ humid,  warm  and  cold,  folid  and  brittle,  blended  in  a 
chaos  of  confufion,  which  can  be  compared  to  nothing 
“ but  a heap  of  rubbilh,  or  the  ruins  of  a world.” — In  exa- 
mining the  bottom  of  the  lea,  he  obferves,  that  we  perceive 
it  to  be  equally  irregular  as  the  furface  of  the  dryland.  We 
dilcover  hills  and  valleys,  plains  and  hollows,  rocks  and 
earths  of  every  kind  ; we  dilcover  likewife,  that  iflands  are 
nothing  but  the  fummits  of  vaft  mountains,  whofe  founda- 
tions are  buried  in  the  ocean.  We  find  other  mountains 
w'liefe  tops  are  nearly  on  alevel  with  the  furface  of  the  water ; 
and  rapid  currents  wdiich  run  contrary  to  the  general  move- 
ment ; thefe  like  rivers  never  exceed  their  natural  limits. 
The  bottom  of  the  ocean  and  llielving  fides  of  rocks  pro- 
duce plentiful  crops  of  plants  of  many  different  fpecies  : 
its  foil  is  compofed  of  fand,  gravel,  rocks,  and  fhells  ; in 
feme  places  it  is  fine  clay,  in  others  a compact  earth  : and 
in  general,  the  bottom  of  the  fea  has  an  exadf  refemblance 
to  the  dry  land  w'hich  we  inhabit.  In  fhort,  BuIToie 
fuppofed  that  the  dry  land  was  formerly  the  bottom  of  the 
fea  ; he  fays  moreover,  that  it  is  impoflible  that  the  fliellss 
and  marine  fubilances  wdiich  we  find  at  an  immenfe  depth  in 
the  earth,  and  even  in  rocks  and  marble,  fhould  have  been 
the  effedls  of  the  deluge  : for  the  waters  could  not  over- 
turn, and  diffolve  the  wdiole  furface  of  the  earth,  to  the 
'greateft  depths.  The  earth  mufl  therefore  have  been  ori- 
ginally much  fofter  tiian  it  now  is,  and  that  it  has  acquired 
its  prefent  folidity  by  the  continual  adlion  of  gravity',  and 
confequently  the  earth  is  much  lefs  fubjedl  to  change  now 
than  formerly. 

With  regard  to  the  original  formation  of  the  earth  and  all 
the  planets  in  our  fylleni,  he  fuppofes  that  they  were  de- 
tached from  the  fun  all  at  once  by  a mighty  ftroke  of  a co- 
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met  * ; not  in  the  form  of  globes,  but  in  the  form  of  tor- 
rents ; the  motion-of  the  foremoft  particles  being  accelerated 
by  thofe  which  immediately  followed,  and  the  attraction  of 
the  foremoft  particles  would  accelerate  the  motion  of  the 
hindmoft  ; and  that  the  acceleration  produced  by  one  or 
both  of  thefe  caufes,  might  be  fuch  as  would  necelfarily 
change  the  original  motion  arifing  from  the  impulfeofthe 
comet  ; and  a motion  might  refult  limilar  to  that  which  takes 
place  in  the  planets.  The  revolution  of  the  primary  planets 
on  their  axes,  he  accounts  for  from  the  obliquity  of  the  oi-i- 
ginal  ftroke  imprefted  by  the  comet  f — “ It  is  therefore  eVi- 
“ dent  (lays  he)  that  the  earth  afliimed  its  figure  when  in  a 
melted  ftate  ; and  to  purfue  our  theory,  it  is  natural  to 
“ think,  that  the  earth,  when  it  ifliied  from  the  fun,  had  no 
“ other  form  but  that  of  a torrent  of  melted  and  inflamed 
matter:  tlmt  this  torrent,  by  the  mutual  attraction  of  its 
“ parts,  took  on  a globular  figure,  which  its  diurnal  motion 
“ changed  into  a fpheroid  : that  when  the  earth  cooled,  the 
“ vapour:  which  were  expanded  like  the  tail  of  a comet, 
“ gradually  condenfed,  and  fell  down  in  the  form  of  water 
**•  upon  tlie  fyrface,  depofiting  at  the  fame  time  a llimy  fub- 
“ ftance  mixed  with  fulphur  and  falts  ; part  of  which  was 
carried  by  the  motion  of  the  waters  into  the  perpendicular 
filTures  of  the  ftrata,  and  produced  metals  ; and  the  reft 
“ remained  on  the  furface,  and  gave  rife  to  the  vegetable 
“ mould  which  abounds  in  diffeivnt  places,  the  organization 
**  of  which  is  not  obvious  to  our  fenfes. 

“ Thus  the  interior  parts  of  the  globe  were  originally 
compoled  of  vitrified  matter.  Above  this  vitrified  matter 
were  placed  thofc  bodies  which  the  fire  had  reduced  to 
“ the  fmalleft  particles,  as  fands,  which  are  only  portions 
“ of  glafs  ; and  above  thefe  pumice-ftones  and  the  fcorias 
“ of  melted  matter,  which  produced  the  different  clays.  The 
whole  was  covered  with  water  to  the  depth  of  500  or  600 
“ feet,  which  originated  from  the  condenfation  of  vapours 


* Here  BufFon  lofcs  himfclf  in  conjecture,  fcarcely  ■n-ithin  the  • 
verge  of  yoflibility,  and  very  improbable. 

f This  is  a wild  theory  to  account  for  the  diurnal  motion  of  the  earth  1 
and  otlwr  planets ! 

“ when  I 
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“ when  the  earth  began  to  cool.  This  water  clepofited  a 
“ ftratum  or  mud,  mixed  with  all  thofe  matters  which  are 
“ capable  oi  being  fublimed  or  exhaled  by  fire  ; and  the  air 
“ was  formed  of  the  moft  lubtile  vapours,  which,  from  their 
“ levity,  rofe  above  the  water. 

*•  Such  was  the  condition  of  the  earth  when  the  tides, 
“ the  winds,  and  the  heat  of  the  fun  began  to  introduce 
changes  on  its  furface.  The  diurnal  motion  of  the  earth, 
“ and  that  of  the  tides,  elevated  the  waters  in  the  equato- 
“ rial  regions,  and  neceflarily  tranfported  thither  great  quan- 
“ titles  of  flime,  clay,  and  find  ; and  by  thus  elevating 
“ thofe  parts  of  the  earth,  they  perhaps  funk  thofe  under 
“ the  poles  about  two  leagues,  or  a 230th  part  of  the  whole; 
“ for  the  waters  would  eafily  reduce  into  power  pumice- 
“ ftones,  and  other  fpongy  parts  of  the  vitrified  matter  up- 
“ on  the  furface,  and  by  this  means  excavate  fome  places 
“ and  elevate  others,  which  in  time,  would  produce  iflands 
and  continents,  and  all  thofe  inequalities  on  the  furface, 
which  are  more  coniiderable  towards  the  equator  than  to- 
**  wards  the  poles.  ” 

5.  Dr.  Hutton’s  Theory. 

In  the  firft  volume  of  the  Edinburgh  Philofophical  Tranf- 
atJlions,  Dr.  Hutton  has  laid  down  a new  theory  of  the 
earth,  perhaps  the  moft  elaborate  and  comprehenfive  that 
has  hitherto  appeared  ; to  give  a general  abftrudx  of  it 
would  much  exceed  the  bounds  allotted  to  this  chapter, 
wherefore  all  that  can  be  done  here  is,  to  point  out  fome 
of  the  moft  ftriking  paflages. 

He  fays,  the  general  view  of  the  terreftrial  fyftem  con- 
veys to  our  minds  a fabric  erefled  in  wildom,  and  that  it 
was  originally  formed  by  defign  as  an  habitation  for  living- 
creatures.  In  taking  a comprehenfive  view  of  the  mecKi- 
iiifm  of  the  globe,  we  obferve  three  principal  parts  of  which 
it  compofed,  and  which,  by  being  properly  adapted 
to  one  another,  form  it  into  an  habitable  world  . thefe  are 
thefolid  body  of  t.he  earth,  the  waters  of  the  ocean,  and 
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the  atiriofphere  furrounding  the  whole.  On  thcle  Dr.  Hut- 
ton obfejves  : 

1 . The  parts  of  the  terreftrial  globe  more  immediately  ex- 
pofed  to  our  view  are  fupported  by  a central  body  com.- 
monly  fuppcfed,  but  without  any  good  reafon,  to  be  folid 
and  inert. 

2.  The  aqueous  part,  reduced  to  a fpherical  form  by 
gravitation,  has  becom.e  oblate  by  the  earth’s  centrifugal 
force.  Its  ufe  is  to  receive  the  rivers,  be  a fountain  of  va- 
pours, and  to  afford  life  to  innum.erable  animals,  as  well  as  to 
be  the  fource  of  growth  and  circulation  to  the  organifed  bo- 
dies of  the  earth. 

3.  The  irregular  body  of  land,  raifed  above  the  level  of 
the  fea,  is  by  far  the  rnoft  interefting,  as  immediately  ne- 
ceffary  to  the  fupport  of  animal  life. 

4.  The  atmofphcre  furrounding  the  whole  is  evidently  ne- 
ceffary  for  innumerable  purpofes  of  life  and  vegetation,  nei- 
ther of  which  could  fubfift  a mcm.ent  without  it. 

Having  tbtis  confidered  the  mechanifm  of  the  globe,  ^e 
proceeds  to  in^eftigate  the  pow'ers  by  which  it  is  upheld; 
thefe  are  the  gravitating  and  projeftlle  forces  by  which  the 
planets  are  guided;  the  influence  of  light  and  heat  ; cold 
and  condenfation  ; to  which  may  be  added  electricity  and 
magnetifm.  - . . 

With  regard  to  the  beginning  of  the  'world,  though  Dr. 
Hutton  does  not  pretend  to  lay  afide  the  Mofaic  accounts 
refpefting  the  origin  of  ij-ian,  yet  he  endeavours  to  prove 
that  the  uiarine*  animals  are  of  much  higher  antiquity  than 
the  human  race. 

The  folid  parts  of  the  globe  are  in  general,  compofed  of 
fand,  gravel,  argillaceous  and  calcareous  ftrata,  or  of  thefe 
mixed  with  fome  other  fubftances. 

Sand  is  feparated  and  hzed  by  ftreams  and  currents  ; 
gravel  is  formed  by  the  mutual  attrition  of  ftones  agitated 
in  water  ; and  marly,  or  argillaceous  ftrata  have  been  col- 
lefled  by  fubfiding  in  water  in  which  thofe  earthy  fubftances 


According  to  the  ATolaic  account  of  the  creation,  the  marine  ani- 
rrals  were  created  tlie  fifth  day,  and  man  thic  fixth! 

had 
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had  floated.  Thus,  fo  far  as  the  earth  is  formed  of  theft/ 
materials,  it  would  appear  to  have  been  the  production  of 
water,  wind,  and  tides. 

The  doctor’s  next  inquiry  is  into  the  origin  of  our  land,' 
which  he  feeins  willing  to  derive  entirely  from  the  exuvire? 
of  marine  animals*.  After  adducing  fome  arguments  in' 
fupport  of  this  opinion,  the  principal  of  which  is  drawn 
from  the  quantity  of  marine  productions  found  in  different 
parts  of  the  earth,  he  fays,  “ The  general  amount  of  our 
“ reafoning  is  this  ; that  nine-tenths  perhaps,  or  99  hun- 
“ dredths,  of  this  earth,  fo  far  as  we  fee,  have  been  formed 
“ by  i.titural  operations  of  the  globe,  in  collecting  loofe 
“ materials  and  depofiting  them  at  the  bottom  of  the  fea, 
“ confolidating  thefe  collections  in  various  degrees,  and 
“ either  elevating  thofe  coufolidated  malfes  above  the  level 
“ on  which  they  were  formed,  or  lowering  the  level  of  that 
“ fea.” 

With  refpeCt  to  the  different  ffrata,  he  thinks  it  moft 
probable  that  they  have  been  confoliduted  by  heat  and  fu- 
iion  ; and  this  hypothefis  he  imagines  will  folve  every  dif-* 
ficulty  refpeCting  them  ; and,  as  the  qiieilion  is  of  tint 
greatefl  importance  in  natural  hiffory,  lie  difeuffes  it  to-  a 
confiderable  length.  He  conliders  metals  of  every  fpeciea 
as  the  vapour  of  the  mineral  regions,  condenfed  occalionaliy 
in  the  crevices  of  the  land.  • ' 

His  next  coiifideration  is  the  means  by  which  the  diffe-« 
rent  ffrata  have  been  elevated  from  the  bottom  of  the 
ocean  ; (for  he  looks  upon  it  as  an  indubitable  faCl  thattho 
higheff  points  of  our  land  have  been  for  ages  at  the  bottont 
of  the  ocean  ; ) and  concludes,  that  the  land  on  which  we 
dwell  has  been  elevated  from  a lower  fituation  by  the  fame, 
agent  which  has  been  employed  in  confolidating  the  ffrata.’ 
in  giving  them  ffability,  and  preparing  them  for  the  putu 

■t 


• To  give  this  any  appearance  of  probability,  the  marine  anim.ijs  fiitiil. 
have  been  created  many  centuries  before  either  the  dry  laud  or  the  land 
animals  were  created  ; yet,  according  to  the  Mafair  account  of  the  crea.4 
tion,  the  dry  land  appeared  on  the  third  day  ! _ _ yi 
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pofe  of  the  living  world.  This  agent  is  matter,  a£luated 
by  extreme  heat,  and  expanded  with  amazing  force. 

The  doftor  imagines  the  world  to  be  eternal,  and  endued 
with  a renovating  power  ; for  he  fays  ; “ When  the  former 
“ land  of  this  globe  had  been  complete,  fo  as  to  begin  to 
wafte  and  be  impaired  by  the  encroachment  of  the  fea, 
“ the  prefent  land  began  to  appear  above  the  furface  of  the 
“ ocean.  In  this  manner  we  fuppofe  a due  proportion  of 
“ land  and  water  to  be  always  preferved  upon  the  furface 
“ of  the  globe  for  the  purpofe  of  a habitable  world,  fuch 
“ as  we  poffefs.”  After  endeavouring  to  prove  a fuccef- 
fion  of  worlds  in  the  fyftem  of  nature,  he  concludes  his 
differtation  in  thefe  words  ; “ The  refult,  therefore,  of  our 
**  prefent  inquiry  is,  that  we  find  no  veftige  of  a beginning, 
no  profpeA  of  an  end.’' 


6.  Mr.  Whitehurst’s  theory. 


Mr.  Whitehurft  firft.  proceeds  to  fhew,  that  all  fluid  bo- 
dies, which  do  not  revolve  about  their  axes,  aflume  fpherical 
forms,  from  the  mutual  attraftion  of  their  component  parts  ; 
and  thence  infers  that  all  bodies,  naturally  fpherical,  have 
been  originally  in  a ftate  of  fluidity.  Again,  as  it  is  a known 
principle  in  the  laws  of  motion  that,  if  any  fluid  body  turn 
on  its  axis,  it  will,  by  the  centrifugal  force,  depart  from  a 
fpherical  form,  and  alfume  that  of  an  oblate  fpheroid  ; and 
as  the  earth  is  known  to  be  fuch  a figure,  agreeing  with  the 
laws  of  gravity,  fluidity,  and  centrifugal  force,  he  fuppofes 
that  the  earth  was  originally  a fluid,  compofed  of  chaotic, 
heterogeneous  matter,  which  acquired  its  prefent  form  by 
revolving  on  its  axis  in  that  ftate  of  fluidity  ; and  that  its 
diurnal  and  annual  rotations  have  fuffered  no  change,  but 
have  performed  equal  rotations  in  equal  times,  from  the 
moment  of  its  firft  exiftence  to  the  prefent  era. 

This  heterogeneous  mafs,  being  totally  unfit  for  animal 
or  vegetable  life,  was  not  inftantaneoufly  but  progreffively 
formed  into  an  habitable  world.  As  foon  as  the  component 
parts  of  the  chaos  became  quiefcent,  fimilar  particles  began 
to  unite  and  compofe  bodies  of  various  denominati3ns,  v'vz.  '. 
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the  particles  of  air  united  with  thofe  of  air,  thofe  of  water 
with  water,  and  thofe  of  earth  with  earth.  Bodies  of  the 
greateft  denfity  began  their  approach  towards  the  centre  of 
gravity,  and  tliofe  of  the  greateft  levity  afcended  towards 
the  furface.  Thus,  apparently,  commenced  the  repara- 
tion of  the  chaos  into  air,  water,  earth,  and  other  feletl 
bodies.  As  the  earth  confolidated  more  and  more  towards 
its  centre,  its  furface  became  gi-adually  covered  with  wa- 
ter, until  the  fea  prevailed  univerfally  over  the  whole  earth. 
At  this  time  the  marine  animals  were  created,  and  multi- 
plied fo  exceedingly,  as  to  replenifti  the  ocean  from  pole  to 
pole. 

The  fun  and  the  moon  were  coeval  with  the  creation  of  the 
earth,  and,  as  the  atmofphere  was  progreffively  freed  from 
hetei'ogeneous  fubftances,  light  and  heat  gradually  increafed 
until  the  fun  became  viftble  in  the  firmament,  and  fhone 
with  its  full  luftre  and  brightnefs. 

'Fhe  attractive  influence  of  the  fun  and  moon,  interfering 
with  the  regular  and  uniform  fubfidiiig  of  the  folids  of  the 
earth,  caufed  the  fea  to  be  unequally  deep,  and,  confe- 
qnently  the  dry  land  to  appear.  Hence  tlie  primitive 
tflaiids  were  gradually  formed  by  the  flux  and  reflux  of  the 
tides,  and  in  procefs  of  time,  became  firm  and  dry,  fit  for 
the  reception  of  the  animal  and  vegetable  kingdoms.  The 
ocean  being  plentifully  flocked  with  inhabitants,  previous 
to  the  appearance  of  dry  land,  many  of  thefe  animals  be- 
came daily  enveloped  and  buried  in  the  mud,  in  all  parts 
of  the  fea  fram  pole  to  pole,  by  the  daily  aClion  of  the 
tides. 

As  the  central  parts  of  the  earth  began  to  confolidate  be- 
fore the  fuperficial  parts  thereof,  the  Former  became  ignited 
before  the  latter.  As  tlie  fubterraneous  fire  gradually  in- 
creafed, its  expanfive  force  likevvile  increafed  till  it  became 
luperior  to  the  incumbent  weight,  and  diflended  the  ftrata 
like  a bladder  forcibly  blown  : and  as  the  fubterraneous 
lire  operated  univerfally  in  the  fame  ftratum,  and  with  the 
fame  degree  of  force,  it  appears  mofl  probable  that  the  de- 
luge, or  Noah’s  flood,  pievailed  uuiverfally  over  tlie  whole 
earth. 
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The  expanfive  force  of  fubtcrraneous  fire  {fill  increafing’, 
it  became  uipcrior  to  the  incumbent  weight  and  cohefion  of 
the  llrata,  hvhich  were  then  burft,  and  opened  a communi- 
cation bet^en  the  two  oceans  of  melted  matter  and  water  ; 
by  thefe  two  different  elements  coming  in  contaft,  the  latter 
became  inftantly  converted  into  fleam,  and  produced  an 
explofion  infinitely  beyond  all  human  conception.  The 
terraqueous  globe  being  thus  burfl  into  millions  of  frag- 
ments *,  the  flrata  were  broken,  and  thrown  into  every  poi- 
fible  degree  ofconfufion  and  diforder  ; hence  thofe  mighty 
eminences  the  Alps,  the  Andes,  the  Pyrenean,  and  all 
other  chains  of  mountains,  were  brought  from  beneath  the 
deep  ; for  the  earth,  in  its  primitive  Hate  was  perfedlly  le- 
vel. 

Hence  the  fea  retired  from  thofe  vaft  trafts  of  land  the 
continents,  into  the  caverns,  became  fathomlefs,  and  envi- 
roned with  craggy  rocks,  cliffs,  and  impending  fhores,  and 
its  bottom  fpread  over  with  mountains  and  valleys,  like  the 
land. 

As  mountains  and  continents  were  not  primary  produc- 
tions of  nature,  but  produced  at  the  time  of  the  deluge,  the 
inclemencies  of  the  feafons  were  totally  unknown  in  the  an- 
tediluvian ftate  of  nature  ; an  uniform  temperature  univer- 
fally  prevailed  in  the  atmofphere  ; it  wasjiot  fubjeft  to 
florms  and  tempefls,  and,  confequently,  not  to  rain  ; and 
as  there  was  no  rain,  moll  certainly  there  was  no  rainbow. 

On  account  of  the  fmall  elevations  of  the  primitive  iflands, 
and  the  inferiority  of  their  fuperficies  to  that  of  continents, 
the  furface  of  the  fea,  and  the  quantity  of  aqueous  parti- 
cles exhaled,  were  proportionably  greater.  The  atmofphere 
Vas  thus  plentifully  faturated  with  humidity,  which  defeen- 
ded  copioufly  in  dews,  duiing  the  abfence  of  the  fun,  and 
abundantly  replenifhed  the  earth. 


• We  are  in  the  fame  dilemma  here  with  refpeit  to  the  prefervation  of 
Noah  and  the  ark,  as  in  Burnet’s  and  Whifton’s  theories  ; befides,  the 
noife  of  fiith  an  explofion  as  above  deferibed,  would  for  ever  deprive  any 
human  being  of  the  noble  faailty  of  hearing. 
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Chapter  IX.  I 

Oj  the  Atmofphere,  Air,  Winch,  and  HurrlqaneSt  j 

^P^HE  earth  is  furrounded  by  a thin  fluid  mafs  of  matt^r^ 
X called  the  atmofphere  : this  matter  gravitates^tQ^.. 
wards  the  earth,  revolves  with  it  in  its  diurnal  motion,  aha 
goes  round  the  fun  with  it  every  year.  WTere  it  uot  for  t^n^ 
atmofphere,  w'hich  abounds  with  particles  capable  of  re— 
fledling  light  in  all  direftions,  duly  that  part  of  the  heavens' 
would  appear  bright  in  which  the  fun  was  placed  *,  and* 
the  liars  and  planets  would  be  vifible  at  mid-day  -}•  ; but* 
by  mekns  of  an  atmofphere,  we  enjoy  the  fun’s  light  (re- 
fledled  from  the  aerial  particles  contained  in  the  atmofphere  )*" 
for  foine  time  before  he  rifes  and  after  he  fets  ; for,  on  the 
2iflofJune  at  London,  the  apparent  day  is  9111.  J4. 
foe.  longer  than  tlie  aflronomical  day  This  invifible  fluid 
e.Ktends  to  an  unknown  height  ; but  if,  as  allronomers  ge- 
nerally eftimate,  the  fun  begins  to  enlighten  the  atmofphere 
in  the  morning  when  he  comes' within  18  degrees  of  tlifelto*- 
rizon  of  any  place,  and  ceafes  to  enlighten  it  when  he  is 
again  depreffed  more  than  18  degrees  below  the  horizon  m 
the  evening,*  the  height  of  the  atmofphere  may  eafily  be 
calculated  to  be  near  50  miles  jj.  Notwithflanding  thisgfertf 


* Dr.  Keill,  I.eft.  xx'?”^ 

-f-  M.  de  SaufTure,  when  on  the  top  of  Mont  Blanc,  which  is  elevated 
jioi  yards  above  the  level  of  the  fea,  and  where  conlequently  the  atmo- 
fphere mult  be  nlore  rare  than  ours,  fays,  that  the  moon  fhdne  with  tTii 
brighteft  fplendour  in  the  midlt  of  a Iky  as  black  as  ebony  ; while  Jupftet^ 
rayed  like  the  fun,  rofe  from  behind  the  mountains  in  the  call.  Append, 
val.  74,  Monthly  Revienv.  ' 

I See  Keith’s  Plane  and  fpherical  Trigonometry,  page 

II  Let  A r B Plate  III.  Figure  5.)  reprefent  the  horizon  of  an  obftrv^ 
at  A ; S r a ray  of  light  falling  upon  the  atmofphere  at  r,  and  m-king  art 
'artgle  S r B of  18  degrees  with  the  horizon  (the  fun  being  fuppbfed  ta 
have  that  depreflion)  the  angle  S r A will  then  be  i6z  degrees.  From  the 
centre  O of  the  earth  draw  O r,  and  it  will  be  perpendicular  to  the  re- 
flertiag  particles  at  r ; and,  by  the  laws  of  optics,  likewHc  bifei5t  (he 
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height  of  the  atmofphere,  it  is  feldom  fufficiently  denfe  at 
two  miles  high  to  bear  up  the  clouds  ; it  becomes  more  thin 
and  rare  the  higher  we  afcend.  This  fluid  body  is  ex- 
tremely light,  being  at  a mean  denfity,  8i6  times  lighter 
than  water *  * ; it  is  likewife  very  elallic,  as  the  leaft  motion 
excited  in  it  is  propagated  to  a great  diftance  : it  is  invi- 
fible,  for  we  are  only  lenfible  of  its  exiftence  from  the  effedls 
it  produces.  It  is  capable  of  being  compreffed  into  a much 
&fs  fpace  than  -w-hat  it  naturally  polTefl'es,  though  it  cannot 
be  congealed  or  fixed  as  other  fluids  may  ; for  no  degree 
of  cold  has  ever  been  able  to  deftroy  its  fluidity.  It  is  of 
difierent  denfity  in  every  part  upwards  from  the  earth’s  fur- 
face,  decreafing  in  its  weight  the  higher  it  rifes,  and  con- 
fequently  muft  alfo  decreafe  in  denfity.  The  weight  or 
preffure  of  the  atmofphere  upon  any  portion  of  the  earth’s 
furface  i*  equal  to  the  weight  of  a column  of  mercury'  whicli 
will  cover  the  fame  furface,  and  whofe  height  is  from  2S  to 
31  inches  : this  is  proved  by  experiment  on  the  barometer, 
which  feldom  exceeds  the  limits  above-mentioned.  Now, 
if  we  ellimate  the  diameter  of  the  earth  at  7964  f miles, 

the 


angle  S e A.  lo  the  right  angled  triangle  O A r,  the  angle  O r A— 
8f,  AO— 29^7,  miles,  the  radius  of  the  earth.  Hence,  by  trigono- 


metry, 

As  fine  of  O r A,  81® 
Is  toA  0,398a 
So  is  radius,  fine  of  90® 


9.9946199 

3.6001013 

10. 


ToOr,  4031.76  - - 3.6054814 

Now,  if  from  O r 22  4031.6,  there  be  taken  OV  — OA  ^^3982,  the 
remainder  V r~  49.6  miles  is  the  height  of  the  atmofphere. 

* Dr.  Thompfon’s  Chemiftry,  vol.  iii.  p.  251. 

The  diameter  of  the  earth  in  inches  will  be  504599040 ; and  the 
diameter  with  the  atmofphere  504599°99  inches,  the  difference  between 
the  cubes  of  thefe  diameters  multiplied  by  '5236  gives  23597489140125 
23**87.3564  cubic  inches  in  the  atmofphere.  Now,  if  1728  cubic  inche^s 
weigh  13500  ounces,  as  Hated  by  Dr.  Thomfon,  page  254,  vol.  iii.  of  his 
chemiftry,  the  weight  of  the  atmofphere  will  be  determined  as  above.  If 
thefquare  of  the  diameter  504599040  be  multiplied  by  31416,  the  pro- 
duft  will  give  the  fuperficies  of  the  earth, 

fquare  inches  j and  if  the  weight  of  the  atmoljjhere  be  divided  by  this 
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the  mean  height  of  the  barometer  at  29 1 inches,  and  a cu- 
bic foot  of  mercury  to  weight  13500  ounces  avoirdupois,  the 
whole  weight  of  the  atmofphere  will  be  1 15222 1 1494201 
773089  lbs.  avoirdupois,  and  its  preffure  upon  a i'quare 
inch  or  the  earth’s  furface  14J  lbs. 

The  atmofphere  is  the  common  receptacle  of  all  the  ef- 
fluvia or  vapours  arlfing  from  different  bodies,  v'vz.  of  the 
fleam  or  fmoke  of  things  melted  or  burnt  ; of  the  fogs  or 
vapours  proceeding  from  damp,  watery  places  ; of  fleams 
arifing  from  the  perfpiration  of  whatever  enjoys  animal  or 
vegetable  life,  and  of  their  putrefcence  when  deprived  of  it  ; 
aluj  of  the  effluvia  proceeding  from  fulphureous,  nitrous, 
acid,  and  alkaline  bodies,  &c.  which  afcend  to  greater  or 
lefs  heights  according  to  their  fpecific  gra^^ty.  Hence  the 
difficulty  of  determining  the  true  compofition  of  the  atmo- 
fphere, Chemical  writers* *,  however  have  endeavoured  to 
fhew,  that  it  confifls  chiejly  of  three  diflin6l  elaflic  fluids, 
\inited  together  by  chemical  affinity  ; namely,  air,  vapour 
or  water,  and  carbonic  acid  gas  f,  differing  in  their  pro- 
portions at  different  times  and  in  different  places  ; but  the 
average  proportion  of  each,  fuppofing  the  whole  atmofphere 
to  be  divided  into  loo  equal  parts,  is  given  by  Dr.  Thom- 
fon  as  follows : 

98 1 air, 

\ vapour,  or  water, 

1 carbonic  acid, 


100 


Hence  it  appears,  that  the  foreign  bodies  wdiich  are 
mixed  or  united  with  the  air  in  the  atmofphere,  are  fo  mi- 


fiiperficies,  the  quotient  will  be  I4.4lbs.“i4|.  lbs.  the  prelTure  of  the 
atinofphcre  on  every  I’quare  inch  of  the  earth’s  furface.  The  prclTure  of 
the  atmofphere  on  a fejuare  inch  of  furface,  may  likewHe  be  found  by  ex- 
periments  made  with  the  air  pump,  or  by  weighing  a column  of  m6rcViry 
whofe  bafe  is  one  inch  fquare,  and  height  29^  inches. 

* Dr.  Thomfon’s  Chemiftry, page  287,  vol.  iii. 

f Gm  is  a term  applied  by  chemifts  to  all  permanently  elaflic  fluids,  ex- 
cept common  air  ; and  carbonic  acid  gas  is  what  was  formerly  called  jised 
0ir,  or  fuch  as  extinguilhes  flame,  anddeftroys  animal  life. 


nute 
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nute  in  quantity,  when  compared  with  it,  that  they  have 
BO  veiy  fenfible  influence  on  itc.  general  properties  ; where- 
fore,  in  defcribing  the  mechanical  properties  of  the  air,  in 
the  fucceeding  parts  of  this  chapter,  no  attention  is  paid  to 
its  component  parts  in  a chemical  point  of  view  ; but  vvhere- 
ever  the  word  air  occurs,  common  or  atmofpheric  air  * is 
always  meant. 

Air  is  not  only  the  fupport  of  animal  and  vegetable  life, 
but  it  is  the  vehicle  of  found  ; and  this  arifes  from  its  elafti- 
city  : for  a,  body  being  Uruck  vibrates,  and  communicates 
a tremidous  motion  to  the  air  ; this  motion  a£ts  upon  the 
cartilaginous  portion  of  the  ear,  where  there  are  feveral  well 
contrived  eminences  and  concavities,  to  convey  it  into  the 
auditory  paflage,  where  it  ftrikes  on  the  membrana  tympani, 
or  drum  of  the  ear,  and  produces  the  fenfe  of  hearing. 

From  the  fluid  ftate  of  the  atmofphere,  its  great  fubtilty 
and  clallicity,  it  is  fufceptible  of  the  fmalleft  motion  that 
can  be  excited  in  it : hence  it  is  fubjeft  to  the  difturbing 
forces  of  the  moon  and  the  fun  ; and  tides  will  be  generated 
in  tlie  atmiofpliere  fimilar  to  the  tides  in  the  ocean.  By  the 
continual  motion  of  the  air,  noxious  vapours,  which  are  de- 
llrudfive  to  health,  arc  in  fame  meafure  difperfed  ; fo  that 
the  air,  like  thei'ea,  is  kept  from  putrefadlion  by  winds  and 
tides. 

Air  may  be  vitiated,  by  remaining  clofely  pent  up  in  any 
place  for  a confiderable  length  of  time  ; and,  when  it  has 
loll  its  vivifying  fpirit,  it  is  called  damp  or  fixed  air,  not 
only  becaufe  it  is  filled  with  humid  or  moill  vapours,  but 
becaufe  it  deadens  fire,  extinguifhes  flame,  and  dellroys  life. 

If  part  of  the  vivifying  fpirit  of  air,  in  any  country, 
begin  to  putrify,  the  inhabitants  of  that  country  will  be  fub- 
jeft  to  an  epidemical  difeafe,  which  will  continue  until  the 
putrefadlion  is  over  : and  as  the  putrifying  fpirit  occafions 


* Dr.  Thompfon,  pag,e  269,  vol.  Hi.  of  his  Chemiftry,  fays,  we  may 
confider  it  as  eftablifhed  by  experiment,  that  air  is  compofed  of  twenty- 
two  parts  out  of  a hundred  of  oxygen  gas  (viz.  vital  air)ai'id  feventy-eight 
of  azotic  gas  (viz.  poifonous  air)  by  bvilk:  but  as  the  weight  of  thefe  two 
gafes  is  not  exadly  the  fame  ; by  weight  the  oxygen  gas  contains  twenty- 
fix  parts  out  of  a hundred,  and  the  azotic  gas  feveiity.four  parts,  fo  that 
the  vital  air  compofes  only-one  third  of  the  atmofphere. 
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this  difeale,  (o,  if  the  difeaied  body  contribute  towards  tlic 
putrifying  of  the  air,  then  the  difeafe  will  not  only  be  epi- 
demical, but  peftilential  and  contagious. 

The  air  will  prefs  upon  the  lurfaces  of  all  fluids,  with  any 
force,  without  palling  through  them  or  entering  into  them  ; 
lo  that  the  fofteft  bodies  fuftain  this  prefiure  without  fuffer- 
ing  any  change  in  their  figure,  and  the  moft  brittle  bodies 
bear  it  without  being  broken.  Thus  the  weight  of  the  at- 
mofphere  prefles  upon  the  furface  of  water,  and  forces  it 
up  into  the  barrel  of  a pump.  It  likewife  keeps  mercury 
fufpended  at  fuch  a height,  that  its  weight  is  equal  to  the 
prelTure,  and  yet  it  never  forces  itfelf  through  the  mercury 
into  the  vacuum  above. 

Another  property  of  the  air  is,  that  it  is  expanded  l>v 
heat,  and  condenfed  or  contradled  by  cold  : hence  the  fire 
rarefying  and  attenuating  the  air  in  the  chimnies,  caufes  it 
to  afeend  the  funnels,  while  the  air  in  the  room,  by  the  pref- 
i'ure  of  tlie  atmofphere,  is  forced  to  fupply  the  vacancy, 
and  rulhes  into  the  chimney  in  a conftant  torrent,  bearing 
the  fmoke  into  the  higher  regions  of  the  atmofphere.  In 
large  cities,  iu  the  winter,  when  there  are  many  fires,  people, 
and  animals,  the  air  is  confiderably  more  rarefied  than 
in  the  adjoining  countiy  ; for  which  reafon,  continual  cur- 
rents of  colder  air  rulh  in  at  all  the  exterior  llrefcts,  bearing  up 
the  rarefied  and  contaminated  air  above  the  tops  of  the  hou- 
fes  and  the  higheft  buildings,  and  fupplying  their  place  with 
air  of  a more  falubrious  quality.  The  more  extenfive  winds 
o\\;e  their  origin  to  the  heat  of  the  fun  : this  heat  adling 
upon  fome  part  of  the  air  caufes  it  to  expand,  and  become 
lighter,  and  confequently  it  mult  afeend  ; while  the  am 
adjoining,  which  is  more  denfe  and  heavy,  will  prefs 
forward  towards  the  place  where  it  is  rarefied.  Upon  this 
principle,  we  can  eafily  account  for  the  trade  winds,  which 
blow  conftantly  from  call  to  weft  about  the  equator  for 
w'hen  the  fun  Ihines  perpendicularly  on  any  part  of  the 
earth,  it  wifi  heat  and  rarefy  the  air  in  that  part,  and  caufe 
it  to  afeend  ; while  the  adjacent  air  will  rulh  in  to  fupply  its 
place,  and  confequently  will  caufe  a ftream  or  current  of  air 
to  flow  from  all  parts  towards  that  which  is  the  moft  heated 
Icy  the  fun.  Bat  as  the  fun,  withrefpe£f  to  the  earth,  moves 
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from  call  to  weft,  the  common  courfe  of  the  air  will  be  from 
eaft  to  weft  ; and  therefore  at  or  near  the  equator,  where  the 
mean  heat  of  the  earth  is  the  greateft,  the  wind  will  blow' 
continually  from  the  eaft  ; but  on  the  north  fide  of  the  equa- 
tor, it  will  decline  a little  to  the  north  ; and,  on  the  fouth 
fide  of  the  equator  it  will  decline  to  the  fouth.  If  the  earth 
were  covered  with  water,  the  motion  of  the  w'ind  would  fol- 
low the  apparent  motion  of  the  fun,  in  the  fame  manner  as 
the  motion  of  the  w'ater  would  follow'  the  motion  of  the 
moon  ; but,  as  the  regular  courfe  of  the  tides  is  changed  by 
the  obftruftion  of  continents,  iflands,  &c.  fo  the  regular 
courfe  of  the  winds  is  changed  by  high  mountains,  by  the 
declination  of  the  fun  towards  the  north  and  fouth,  by 
burning  fands  which  retain  the  folar  heat  to  an  incredible 
degree,  by  the  falling  of  great  quantities  of  rain,  which 
caufes  a fudden  condenfation  or  contraftion  of  the  'air,  by 
exhalations  that  rife  out  of  the  earth  at  certain  times  and 
places,  and  from  various  other  caufes.  Thus,  according 
Dr,  Halley,  between  the  3d  and  loth  degree  of  fouth  lati- 
tude, the  louth-eaft  trade-wind  continues  from  April  to  Oc- 
tober ; during  the  reft  of  the  year  the  wind  blows  from  the 
north-w'eft  ; but  between  Sumatra  and  New  Holland  this 
monfoon  blows  from  the  fouth  during  our  fummer  months  ; 
it  changes  about  the  end  of  September,  and  continues  in 
the  oppofite  direftion  till  April. 

Over  the  w’hole  of  the  Indian  ocean,  to  the  northward  of 
the  third  degree  of  fouth  latitude,  the  north-eatt  trade-wind 
blorvs  from  Oftober  to  April,  and  a fouth-wett  wind  from 
April  to  Oftober  *.  From  Borneo,  along  the  coaft  of  Ma- 
lacca, and  as  far  as  China,  this  monfoon  in  our  fummer 
blow's  nearly  from  the  fouth,  and  in  winter  from  the  north 
by  eaft.  Near  the  coaft  of  Africa,  betw'een  Mozambique 
and  Cape  Guardafui,  the  winds  are  irregular  during  the 
w'hole  year,  owing  to  the  different  monloons  w'hich  fur- 
round  that  particular  place.  Monfoons  are  likewife  regular 


* Th«  ftudent  will  find  ihefe  winds  reprefented  on  Adams’  globes  and 
fome  others,  by  arrows  having  the  barbed  points  Hying  in  the  dirediou  ot 
the  wind  as  if  Ihot  from  a bow  ; and,  where  the  winds  are  variable,  thefc 
arrows  feem  to  be  flying  in  all  direftions, 
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in  the  Red  Sea  ; between  April  and  Otbober  they  blow 
from  the  north-weft,  and  during  the  other  months  from  the 
fouth-eaft,  keeping  conftantly  parallel  to  the  Arabian  coaft*. 

On  the  coaft  of  Brazil,  between  Cape  St.  Auguftine  and 
the  ifland  of  St.  Catherine,  from  September  to  April  the 
wind  blows  from  the  eaft  or  north-eaft  ; and  from  April  to 
September  it  blows  from  the  fouth-weft  ; fo  that  monfoons 
are  not  altogether  confined  to  the  Indian  Ocean. 

On  the  coaft  of  Africa,  from  Cape  Bajador,  oppofite  the 
Canary  Iflands,  to  Cape  Verd,  the  winds  are  generally 
north-w'eft  ; and  from  hence  to  the  ifland  of  St.  Thomas, 
near  the  equator,  they  blow  almoft  perpendicular  to  the 
fliore. 

In  all  maritime  countries  of  any  confiderable  extent,  be- 
tween the  tropics,  the  wind  blows  during  a certain  number 
of  hours  from  the  fea,  and  during  a certain  number  towards 
the  land  ; thefe  winds  are  called  lea  and  land  breezes.  Du- 
ring the  day,  the  air  above  the  land  is  hotter  and  more 
rare  than  that  above  the  fea  ; the  fea  air  therefore  flows 
in  upon  the  land  and  fupplies  the  place  of  the  rarefied  air, 
which  is  made  to  float  higher  in  the  atmosphere  ; as  the  fun 
defeends,  the  rarefaction  of  the  land  air  is  diminifhed,  and 
an  equilibrium  is  reftored.  As  the  night  approaches,  the 
denfer  air  of  the  hills  and  mountains  (for  where  there  are 
no  hills,  there  are  no  fea  and  land  breezes),  falls  down  upon, 
the  plains,  and  prefling  upon  the  air  of  the  fea,  which  has 
now  become  comparatively  lighter  than  the  land  air,  caufet 
the  land  breeze. 

The  Cape  of  Good  Hope  is  famous  for  its  tempefts,  and 
the  lingular  cloud  which  produces  them  : this  cloud  appears 
at  firft  only  like  a fmall  round  fpot  in  the  fley,  called  by  the 
failors  the  Ox’s  Eye,  and  which  probably  appears  fo  mi- 
nute from  its  exceedingly  great  height. 

In  NatoHa,  a fmall  cloud  is  often  feen,  refeinbling  that 
at  the  Cape  of  Good  Hope,  and  from  this  cloud  a terrible 
wind  f ilTues,  which  produces  limilar  effeefts.  In  the  fea 


* Bruce’s  Travels,  vol.  i.  chap.  4. 

f This  wind  teems  to  be  del'cribed  by  St.  Paul  in  the  2/th  chapter  of 
^40  Aefts,  by  the  name  ofEuroclydon. 

? between 
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between  Africa  and  America,  efpecially  at  the  equator  and 
in  the  neighbouring  parts,  tcmpells  of  this  kind  very  often 
arife,  and  are  generally  announced  by  fmall  black  clouds. 
The  firlt  blaft  which  proceeds  from  thefe  clouds  is  furious, 
and  would  fink  fhips  in  the  open  fea,  if  the  failors  did  not  take 
the  precaution  to  furl  their  lails.  Thefe  tempells  feem  to 
arife  from  a fudden  rarefaftion  of  the  air,  which  produces  a 
kind  of  vacuum,  and  the  cold  denfe  air  rufliing  in  to  fupply 
the  place. 

Hurricanes,  which  arife  from  flmilar  caufes,  have  a 
whirling  motion  which  nothing  can  refill . A calm  gene- 
rally precedes  thefe  horrible  tempells,  and  the  fea  then  ap- 
pears like  a piece  of  glafs  ; but,  in  an  inllant,  the  fury  of 
the  winds  raifes  the  waves  to  an  enormous  height.  When 
from  a fudden  rarefaftion,  or  any  other  caufc,  contrary 
currents  of  air  meet  in  the  fame  point,  a whirlwind  is 
produced. 

The  force  of  the  wind  upon  a fquare  foot  of  furface  is 
neiirly  as  the  fqiiare  of  the  velocity  ; that  is,  if  on  a fquare 
board  of  one  foot  in  furface,  expofedto  a wind,  there  be  a 
prclTure  of  one  pound,  another  wind,  with  double  the  ve- 
locity, will  prefs  the  board  with  a force  of  four  pounds,  &c. 
The  following  table,  extradled  from  the  Philofophical 
Tranfa<£lious,  fliews  the  vek>city  and  preffure  of  the  winds, 
according  to  their  different  appellations. 
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V docity  of  the  wind. 


[Miles  in  onej 
hour. 


} 


3 

5. 

io| 

15. 

20 

30  : 
-35. 
40  ^ 

453 

50 

60  , 
80 


ICO 


Feet  in  one 
feconJ. 


J J 

;} 


22,00 


I 


146,70 


FerpendieuLir 
force  on  one 
iquare  foot,  in 
pounds  avoir- 
dupois. 


.005 
•020 
.0443 
•079  I 
•1233 

•4927 
1.1073 
1 .968  7 

3-0753 
4.4297 
6 02  7 3 

7-«73l 

.9.9633 

12.300 

17.715 

31.490 

49.200 


Common  appellations  of 
the  winds. 


(Hardly  perceptible. 

Juft  perceptible. 

Gentle  pleafant  wind. 

Pleafaut  brillc  gale. 

Very  brifle. 

High  winds. 

Very  High. 

A ftorm  or  teinpcft.  , 
A great  ftorm . 

A hurricane, 
r A hurricane  that 
J tears  up  trees,  and 
7 carrie.s  buildings, 
f See.  before  it. 
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Chapter  X. 

Of  Vapours y Fogs  and  Mifls,  Clouds,  Dctj,  and  Hoar-Frojl, 
Rain,  Sno-zo  and  Hail,  Thunder  and  Lightning,  Falling 
Stars,  Ignis  Fatuus,  .Aurora  Borealis,  and  the  Rainbozu. 

I.  T ^ APOURS  are  compofedof  aqueous  or  watery  parti- 
V cles,  feparated  from  the  furface  of  the  water,  or 
moift  earth',  by  the  aftion  of  the  fun’s  heat  ; whereby  they 
arc  fo  rarelied,  attenuated,  and  feparated  from  each  other. 


as 
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as  to  become  fpecifically  ligliter  than  the  air,  and  confc- 
quently  they  rife  and  float  in  the  atmofphere. 

2.  Fogs  and  mists.  Fogs  are.  a colleiiion  of  vapours 
which  chiefly  rife  from  fenny,  moift  places,  and  become 
more  vifible  as  the  light  of  the  day  decreafes.  If  thele  va- 
pours be  not  difperfed,  but  unite  with  thofe  that  rife  from 
water,  as  rivers,  lakes,  &c.  fo  as  to  fill  the  air  in  general, 
they  are  called  mills. 

3.  Clouds  are  generally  fuppofed  to  confiH  of  vapours 
exhaled  from  the  fea  and  land  *.  Thefe  vapours  afcend  till 
they  are  of  the  fame  fpecific  gravity  as  the  furrounding  air  ; 
here  they  coalefce,  and  by  their  union  become  more  denfe 
and  weighty.  The  more  thin  and  rare  the  clouds  aiT,  the 
higher  they  foar,  but  their  height  feldom,  if  ever,  exceeds 
two  miles.  The  generality  of  clouds  are  fufpended  at  the 
height  of  about  a mile  ; fometimes,  when  the  clouds  ai-e 
highly  electrified,  their  height  is  not  above  feven  or  eight 
hundred  yards.  The  wonderful  variety  in  the  colours  of  the 
clouds,  is  owing  to  their  particular  fituation  to  the  fun,  and 
the  different  reflexions  of  his  light.  The  various  figure 
of  the  clouds  probably  proceeds  from  their  loofe  and  vo- 
luble texture,  revolving  in  any  form  according  to  the  dif- 
ferent force  of  the  winds,  or  from  the  electricity  contained  in 
them. 

4.  Dew'.  When  the  earth  has  been  heated  in  the  day-- 
time  by  the  fun,  it  will  retain  that  heat  for  fome  time  after 


* Dr.  Thomfoii,  in  vol.  iii.  of  his  chemiftry,  page  321,  &c.  fays,  it 
is  remarkable  that,  though  the  greateft  quantity  of  vapours  cxills  in  the 
lower  ftrata  of  the  atmofphere,  clouds  never  begin  to  form  there,  but  al- 
ways at  fome  confiderable  height.  The  heat  of  the  clouds  is  fcmctimcs 
greater  than  that  of  the  furrounding  air.  '1  he  formation  of  clouds  and 
rain  is  neither  owing  to  the  latiiraiion  of  the  atinolphere,  not  the  dimi- 
nution of  heat,  nor  the  mixture  of  airs  of  different  temperatures.  Eva- 
poration often  goes  on  for  a month  together  in  hot  wea'her,  efpecially  in 
the  torrid  zone,  without  any  r.ain.  "1  he  water  can  neither  remain  in  the 
atmol'phere,  nor  pafs  tlirongh  it,  in  a ftate  of  vapour  : What  then  be- 

comes of  the  vapour  after  it  enters  the  atmofphere  ? What  makes  it  1.  y 
•fide  the  new  form  w hich  it  mull  have  afl'umed,  and  return  again  to  its 
flate  of  vapour,  and  fall  down  in  rain  ? T.jll  thefe  queilions  are  experi- 
mentally an  iwered,  Dr.  1 liomfon  concludes  that  the  fornuuon  of  clouds 
•nd  rain  cannot  be  accurately  accounted  for. 
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the  fun  has  fet.  The  air  being  a lefs  denfe,  or  lefs  compact 
fubftance,  will  retain  the  heat  tor  a lefs  time  ; fo  that  in  the 
evening  the  turface  of  the  earth  will  be  warmer  than  the  air 
about  it,  and  confequently  the  vapours  will  continue  to  rife 
from  the  earth  ; but,  as  thefe  vapours  come  immediately 
into  a cool  air,  they  will  only  rife  to  a fmall  height  ; as  the 
rarefied  air  in  which  they  began  to  rife  becomes  coudenfcd, 
the  fmall  particles  of  vapours  will  be  brouglit  nearer  toge- 
ther. When  many  of  thefe  particles  are  united,  they  form 
dew  ; and,  if  this  dew  freeze,  it  will  produce  hoar-froft. 

5.  Rain.  When  the  weight  of  the  air  is  diminiflied,  its 
denfity  will  likewife  be  diminifhed,  and  confequently  the 
vapours  that  float  in  it  will  be  lefs  refilled,  and  begin  to  fall, 
and,  a's  they  ftrike  one  upon  another  in  falling,  they  will 
unite  and  form  fmall  drops.  But  when  the  fmall  drops  of 
which  a cloud  confifted,  are  united  into  fuch  large  drops 
that  no  part  of  the  atmofphere  is  fufiiciently  denfe  to  pro- 
duce a refillance  able  to  fupport  them,  they  will  then  fall  to 
tlic  earth,  and  conftitute  what  we  call  rain.  If  thefe  drops 
be  formed  in  the  higher  regions  of  the  atmofphei-e,  many 
of  them  will  be  united  before  they  come  to  the  ground,  and 
the  drops  of  rain  will  be  very  large  *.  The  drops  of  rain 
increkfe  fo  much  both  in  bulk  and  motion,  during  their  de- 
fcent,  that  a bowl  placed  on  the  ground  would  receive,  in 
a Ihower  of  rain,  almofl;  twice  the  quantity  of  water  that  a 
fimilarbowl  would  receive  on  a neighboui-ing  high  fteeple  f. 
I'he  mean  annual  quantity  of  rain  is  greateli  at  the  equator, 
and  decreafes  gradually  as  we  approach  the  poles.  Thus, 
at 

Latitude.  Depth  of  rain. 

Grenada,  Well  Indies,  13®  o'  126  inches. 

St.  Domingo,  Cape  St.  Francois,  19°  46'  120. 


• Dr.  Rutherford’s  Natural  Philofophy,  vol  ii.  chap.  xo.  Signior 
Beccaria,  whofe  obfervations  oti  the  general  Itate  of  eleOricity  in  the  at- 
mofphere  have  been  very  accurate  and  exteiiiive,  al'cribes  die  c.iufe  of  rain, 
hail,  fnow,  &c.  &C.  to  the  cflFed  cf  a moderate  eledrichy  in  the  atmo- 
fpherc. 

f Mr.  Adam  Walker’s  Familiar  Philofophy,  Itft.  v.  page  JI5. 

} Dr,  Thomfon’s  Chemiltry,  vol.  iii.  page  334,  &c. 
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l.atitude.  • Depth  of  rain. 

Calcutta  - - - 22°  23'  Si  inches. 

In  England  - - - 53°  o'  32 

Feterfburg"  - - • 59°  16'  i6 

On  the  contrary,  the  number  of  rainy  days  is  fmalleft  at 
the  equator,  and  increafes  in  proportion  to  the  diflance  from 
it.  The  number  of  rainy  days  is  often  greater  in  winter 
than  in  fummer  ; but  the  quantity  of  rain  is  greater  in  fum- 
mer  than  in  winter.  More  rain  falls  in  mountainous  coun- 
tries than  in  plains.  Among  the  Andes  it  is  faid  to  rain  al- 
moft  perpetually,  while  in  the  plains  of  Peru  and  in  Egypt, 
it  hardly  ever  rains  at  all.  The  mean  annual  quantity  of 
rain  for  the  whole  globe  is  eftimated  by  Or.  Thomfon  at 
34  inches  in  depth  ; hence  may  be  found  the  whole  quantity 
of  rain  that  falls  in  a year  upon  the  w'hole  furface  of  the 
earth  and  fea,  in  the  fame  manner  as  the  number  of  cubic 
inches  w'cre  found  in  the  atmofphere,  in  chapter  IX.  of  this 
work.  The  fame  author  obferves  that,  for  every  fquare 
inch  of  the  earth’s  furface,  about  41  cubic  inches  of  water 
Js  annually  evaporated  : fo  that  the  average  quantity  of  rain 
is  confiderably  lefs  than  the  average  quantity  of  w'ater  eva- 
porated. 

6.  Snow  and  hail.  Snow  confifts  of  fuch  vapours  as 
are  frozen  while  the  particles  are  fmall ; for,  if  thcfe  flick 
together  after  they  are  frozen,  the  mafs  that  is  formed  out 
of  them  will  be  of  a loofe  texture,  and  form  little  flakes  or 
fleeces,  of  a white  fubftance,  fomewhat  heavier  than  the  air, 
and  therefore  will  defcend  in  a flow'  and  gentle  manner 
through  it.  Hail,  wdiich  is  a more  compafl  mafs  of  frozen 
water,  confifts  of  fuch  vapours  as  are  united  into  drops,  and 
are  frozen  while  they  are  falling  *. 

7.  Thunder  and  Lightning.  It  has  been  already 
©bferved,  that  the  atmofphere  is  the  common  receptacle  of 
all  the  effluvia,  or  vapours,  rifing  from  different  bodies.. 
Now,  when  the  effluvia  of  fulphureous  and  nitrous  bodies  f 


* Rutherford’s  Philofopliy,  vcl  il  chap  10. 

t Gunpowder,  the  effe6h  of  which  is  fiinilar  to  thunder  and  lightning, 
is  compofed  of  fix  parts  of  nitre,  one  part  of  itilpbur,  and  one  part  of 
charcoal. 


meet 
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r.ici't  each  other  in  the  air,  there  will  be  a llrong  coiiflicl:, 
or  lennentation,  between  them,  which  will  fometimes  be  fo 
great  as  to  produce  fire*.  Then,  if  the  effluvia  be  combuf- 
tible,  the  fire  will  run  from  one  part  to  another,  juft  as  the 
inflammable  matter  happens  to  lie.  If  the  inflammable  matter 
be  thin  and  light,  it  will  rife  to  the  upper  part  of. the 
htmofphere,  where  it  will  flafh  without  doing  any  h;irm  ; 
but  if  it  be  denfe,  it  will  lie  near  the  furface  of  the  earth, 
where,  taking  lire,  it  will  explode  with  a furprifing  force, 
and  by  its  heat,  rarefy  and  drive  away  the  air,  kill  men 
and  cattle,  fplit  trees,  walls,  rocks,  &c.  and  be  accompa- 
nied with  terrible  claps  of  thunder.  The  effecfts  of  thunder 
and  lightning  are  owing  to  the  fudden  and  violent  agitation 
the  air  is  put  into,  together  with  the  force  of  the  explofion. 
Stones  and  bricks  ftruck  by  lightning,  are  often  found  in 
a vitrified  ftate.  Signior  Beccaria  fuppofes  that  fome  ftones 
in  the  earth,  having  been  ftruck  in  this  manner,  gave  rife  to 
the  vulgar  opinion  of  the  thunder-bolt.  It  is  liow  gene- 
rally admitted  that  lightning  and  the  eledfrical  fluid  are  the 
fame  -j-. 

8.  The  falling  Stars,  and  other  fiery  meteors, 
which  are  frequently  feen  at  a confiderable  height  in  the 
atmofphere,  and  which  have  received  diff’ereut  names  ac- 
cording to  the  variety  of  their  figure  and  fize,  arife  from  the 
fennentation  of  the  effluvia  of  acid  and  alkaline  bodies, 
which  float  in  the  atmofphere.  When  the  more  fubtile  parts 
fof  the  effluvia  are  burnt  away,  the  vifcous  aftd  earthy  parts 
become  too  heavy  for  the  air  to  fupport,  and  by  their  gra- 
vity fall  to  the  earth. 


* ProfefTor  Winkler’.«i  Philofopby 

Signior  Beccaria,  of  Turin,  obferves  that  the  atmofphere  abounds 
with  electricity;  and  if  a cloud  which  is  pofitively  charged  (viz.  which 
• has  more  than  its  natural  fhare  of  electrical  fluid)  pafs  near  another  cloud 


which  is  negatively  charged  (viz.  which  has  lefs-than  its  natural  fhare  of 
electrical  fluid)  they  will  attraCt  each  other,  and  a quick  deprivation  of 
t!\e  eleClrical  fluid  will  take  place  : the  flafh  is  called  lightning,  the  report 
thunder,  (the  enfuing  rolling  are  only  echoes  from  diilant  clouds) ; the 
water,  thus  deprived  of  its  ufual  fupport,  falls  down  in  impetuous  tor. 
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9.  Of  the  Icnms  Fatuus,  commonly  called  JVilU 
*with-a~Wifpf  or  Jack  ‘with  a Jantern.  This  meteor,  like 
moft  others,  has  not  failed  no  attraft  the  attention  of  philo- 
fophical  inquirers.  Sir  Ifaac  Newton,  in  his  Optical  Que- 
ries, calls  it  a vapour  fliining  without  heat.  Vanous  ac- 
counts of  it  maybe  feen  in  the  Pliilofophical  Tranfaftions  ♦. 
^"he  moft  probable  opinion  is,  that  it  conflfts  of  inflamma- 
ble air  f , or  oleaginous  matter,  emitted  from  a putrefaftion 
and  decompofltion  of  vegetable  fubftances,  in  marfliy 
grounds  ; which  being  kindled  by  fome  eleAric  Ipark,  or 
other  caufe  unknown  to  us,  will  continue  to  burn  or  reflect 
a kind  of  thin  flame  in  the  dark,  without  any  fenfible  degree 
of  heat,  till  the  matter  which  compofes  the  vapour  is  con- 
fumed.  This  meteor  never  appears  on  elevated  grounds, 
becaufe  they  do  not  fufficiently  abound  with  moifture  to 
produce  the  inflammable  air,  which  is  fuppofed  to  ilTue  from 
bogs  and  marfliy  places.  It  is  often  obferved  flying  by  the 
lides  of  hedges,  or  following  the  courfe  of  rivers  ; the  rea- 
fon  of  which  is  obvious,  for  the  current  of  air  is  greater  in 
thefe  places  than  elfewhere.  Thefe  meteors  are  vei-y  com- 
mon in  Ital)''  and  in  Spain.  Dr.  Shaw  J has  deferibed  a 
remarkable  ignis  fatuus,  which  he  faw  in  the  Holy  Land, 
when  the  atmofphere  was  fo  uncommonly  thick  and  hazy, 
tliat  the  dew  on  the  horfes’  bridles  was  remarkably  clammy 
and  unctuous.  This  meteor  was  fometimes  globular,  then 
in  the  form  of  the  flame  of  a candle,  prefently  afterwards  it 
fpread  itfelf  fb  much  as  to  involve  the  whole  company  in  a 
pale  hai-mlefs  light,  and  then  it  would  contract  itlelf  again, 
and  fuddenly  dilappear  ; but,  in  lefs  than  a minute,  it  would 
become  viflble  as  before,  and  running  along  from  one  place 
to  another  with  a fwift  progrcflive  motion,  would  again  ex- 
pand itfelf,  and  cover  a conliderable  fpace  of  ground- 


* Mr.  Ray  and  fome  others  (uppofe  it  to  be  a colledtion  oi glouu-%L-ot t:  t 
flying  together  ; but  Dr.  Derham  confuted  this  opinion,  No.  411.- 

•f-  Inflammable  air  may  be  made  thus  : exhaufl  a,  receiver  of  the  air- 
jnimp,  let  the  air  run  into  it  through  the  flame  of  the  oil  of  turpentine, 
then  remove  the  cover  of  the  receiver,  and  hold  a lighted  candle  to  the  air, 
it  will  take  lire,  and  burn  quicker  or  flower  according  to  the  denfity  of  tlie 
oleaginous  vapour. 

^ dhaw’s  i ravels,  page  363. 
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lo.  Of  the  Aurora  Borealis,  or  Northerm 
Lights.  There  have  been  various  opinions  and  conjec- 
tures refpe£ling  thecaufe  and  properties  of  thcfe  extraordi- 
nary phoenomena  * ; and  the  moft  probable  opinion  is,  that 
they  arife  from  exhalations,  and  are  produced  by  a conibuf- 
tion  of  inflammable  air,  caufed  by  electricity.  This  inflam- 
mable air  is  generated  particularly  between  the  tropics,  by 
many  naturaloperations,  fuch  as  the  putrefaction  of  animal 
and  vegetable  fubftances,  volcanoes,  &c.  ; and  being  lighted 
than  any  other,  afcends  to  the  upper  regions  of  the  atmo- 
fphere,  and,  by  the  motion  of  the  earth,  is  urged  towards 
the  poles  ; for  it  has  been  proved  by  experiments  that, 
whatever  is  lighter,  or  fwims  on  a fluid  which  revolves  on  an 
axis,  is  urged  towards  the  extreme  points  of  that  axis  f ; 
Hence,  thefe  inflammable  particles  continually  accumulate 
at  the  poles,  and  by  meeting  with  heterogeneous  matter, 
take  fire,  and  caufe  thofe  luminous  appearances  frequently 
feen  towards  the  polar  regions 

In  high  latitudes  the  Aurora:  Boreales  appear  with  the 
grcateft.  iullre,  and  extend  over  the  greater  part  of  the  hc- 
mifphere,  varying  their  colours  from  all  the  tints  of  yel- 


* Pliilofophical  Tranfa^lions,  N'^.  305,  310,  3^0,  347,  348,  349, 
.^51.  352.  363,  3<^J.  376,  385,  395,  398,  399,  40a,  410,  418, 

431,  nnd  433,  Ac. 

■}■  .See  Mr.  Kirwjii’s  account  of  the  Aurora  Bu.’'calis,  Iriih  PhiL  Tranl- 
aiflions  for  1788,  page  70,  Ac. 

J We  have  very  few  accounts  of  the  Aurora  Au(l.*a!is,  or  Southern 
Lights,  owing  perhaps  to  the  want  of  olM.-rvations  in  thofe  remote  parts  of 
the  globe,  and  a proper  ctunnel  of  information.  Captain  Cook,  in  his 
fecund  voyage  towards  thefouth  pole,  fays:  “ (February  17th,  1773),  Wis 
obferved  a beautiful  phenomenon  in  the  heavens,  confifting  of  long  co- 
lumns  of  clear  white  light,  fliooting  up  from  the  heavens  to  the  caftward, 
.almoft  to  the  zenith,  and  gradu.ally  fpreading  over  the  whole  fouthern  part 
of  the  Iky.  'I'hough  thefe  columns  were  in  moft  refpedts  fimilar  to  th« 
Aurora  Borealis,  yet  they  feemed  to  ditfer  from  them  in  being  always  of 
a whitifli  colour.  The  Itars  were  fometimes  hid  by,  and  lomctimes  faintly 
to  be  feen  through,  the  fubftance  of  thefe  Auror.T  Auftiales.  The 
Iky  was  generally  clear  when  they  appeared,  and  the  air  fliarp  and 
cold,  the  thermometer  ft.anding  at  the  freezing  point ; the  Iliip  being  in 
latitude  ‘ fomli.” 
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low  to  the  mofl  obfcure  ruffct  *.  In  the  north-eaft  parts  of 
Siberia,  Hudfon’s  Bay,  &c.  they  are  attended  by  a conti- 
nued hifling  and  cracking  noife  through  the  air,  fimilar  to 
that  produced  by  fire  works  f , 

1 1.  Of  the  Raikbow.  The  rainbow  is  the  moft  beau- 
tiful meteor  with  which  we  are  acquainted  : it  is  never  feen 
but  in  rainy  weather,  where  the  fun  illuminates  the  falling 
rain,  and  when  the  fpeftator  turns  his  back  to  the  fun. 
There  are  frequently  two  bows  feen,  the  interior  and  exte-  ' 
rior  bow.  The  interior  bow  is  the  brighteft,  being  formed 
by  the  rays''  of  light  falling  on  the  vpper  parts  of  the  drops 
of  rain  ; for  a ray  of  light  entering  the  upper  part  of  a drop 
of  rain  will,  by  refraAion,  be  thrown  upon  the  inner  part 
of  the  fpherical  furface  of  that  drop,  whence  it  will  be  re- 
flefted  to  the  lower  part  of  the  drop,  where  undergoing  a 
fecond  refraction,  it  will  b,e  bent  towards  the  eye  of  the 
fpeflator,  hence  the  rays  which  fall  upon  the  interior  bow 
come  to  the  eye  after  two  refradlions  and  one  reflection,  and 
the  colours  of  this  bow  from  the  upper  part  are  red,  orange, 
yellonv,  green.  Live,  indigo,  and  •violet.  The  exterior  bow  is 
formed  by  the  rays  of  light  falling  on  the  loiver  parts  of  the 
drops  of  rain  ; thefe  rays,  like  the  former,  undergo  two 
refractions,  •vi%.  one  when  they  enter  the  drops,  and  ano- 
ther when  they  emerge  from  the  drops  to  the  eye  ; but 
they  fuffer  two  or  more  reflections  in  the  interior  furface  of 
the  drops  ; hence  the  colours  of  thefe  rays  arc  not  fo  ilrong 
and  well  defined  as  thofe  in  the  interior  bow,  and  appear  in 
an  inverted  order,  -oi%.  from  the  under  part  they  are  red, 
orange,  yelloav,  green.  Hue,  indigo,  violet.  To  illuftrate 
this  by  experiment,  fufpend  a glaljs  globe  filled  with  Water 
in  the  fim-fliine,  turn  your  back  to  the  fun,  and  view  the 
globe  at  fuch  a diftance  that  the  part  of  it  the  fartheft  from 
the  fun  may  appear  of  a full  red  colour,  then  will  the  rays 
which  come  from  the  globe  to  the  eye  make  an  angle  of 
42  degrees  with  the  fun’s  direCl  rays  ; and  if  the  eye  remain 
in  the  fame  pofition,  and  another  perfon  lower  the  glafs 


* Dr  Rees’  New  Cyclopaedia,  word  Aurora  Borealis. 

•j-  Philotbphlcal ’I’ranfaClions,  vol.  Ixxiv.  pa^e  aaS, 
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f lobe  gradually,  the  orange,  yellow,  green,  &c.  colours, 
\\  ill  appear  in  fuccefTioii,  as  in  the  interior  bow.  Again, 
if  the  glafs  globe  be  elevated,  fothat  the  fide  neareft  to  the 
fun  may  appear  red,  the  rays  which  come  from  the  globe 
to  the  eye  will  make  an  angle  of  about  50  degrees  ; then, 
if  another  perfon  gradually  raife  the  glafs  globe,  ^^  hile  the 
fpedlator  remains  in  the  fame  pofition,  the  rays  will  iuccef- 
fively  change  from  red  to  orange,  green,  yellow,  &e.  as  in 
the  ext  fior  bow.  Thefe  obfervations  being  imderftood,  let 
(I  ti  e (Plate  IV.  Fig.  I.)  reprefent  a drop  of  rain  belong- 
ing to  the  interior  bow,  S 1/  a ray  of  light  falling  on  the 
upper  part  of  the  drop  at  d \ inhead  of  the  ray  continuing 
its  diredlion  towards  F,  it  will  be  refracted  or  bent  towards 
whence  part  of  it  (for  fome  will  pafs  through  the  drop) 
will  be  refledled  to  e,  making  the  angle  of  incidence  dn  k 
equal  to  the  angle  of  refledtion  e 11  k \ inftead  of  continuing 
its  direction  from  e towards  f,  it  will,  by  emerging  out  of 
tlie  water  into  the  air,  be  again  refradted  to  the  eye  at  O. 
]>ut,  as  this^  ray  of  light  confifts  of  a pencil  * of  rays, 
fome  of  which  are  more  refrangible  f tlia:i  others,  the 
violet,  which  is  the  moll  refrangible,  will  proceed  to- 
wards B,  and  the  red,  which  is  the  leall  refrangible,  will 
proceed  towards  O.  Now,  if  the  eye  of  the  fpedtutor  be  fo 
placed  that  the  ray  of  light  falling  upon  it  has  been  once 
refledted,  and  twice  refradled,  fo  that  O e fhall  make,  with 
the  folar  ray  S d,  an  angle  S m O of  42°  2'  J,  ,he  will  fee 
the  red  ray  in  the  diredlion  O e m and  if  the  eye  be  railed 
to  B,  fo  that  B e lhall  make,  with  the  folar  ray  S d,  an 

angle 


* A pencil  of  rays  is  a porcion  of  light  of  a conical  form,  diverging  or 
proceeding  from  a point  ; or  tending  to  a point,  in  which  cafe  the  rays  are 
faid  to  converge.  % 

+ Refrangibility  of  the  rays  oflight  is  their  tendency  to  devi.ite  from 
their  natur.1l  coiirfe.  Tliofe  rays  which  deviate  the  tnoft  from  their  na- 
tural courfe,  ill  palling  out  of  one  medium  into  another,  are  faid  to  be 
the  molt  refrangible  ; and  thofe  wliich  devi.ite  the  leaft.  from  their  natural 
cciirfe  are  the  loaft  refrangible.  Sir  Ifaac  Newton,  by  experiment,  found 
the  red  rays  to  be  the  lead  refrangible,  and  the  violet  rays  the  mod  ; and 
thofe  rays  which  are  the  lead  refrangible  are  llkewife  the  lead  redecible. 

The  line  of  incidence  and  refraClion  of  the  lead  refrangible  rays,  out 
of  water  into  air,  is  as  3 to  4,  or  as  81  to  108  ; and  the  mad  refran- 
gible, as  81  to  \o).  Kmerfon’s  Optics,  p.  92. — The  fame  author,  at 
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angle  BFS  of  40°  17',  the  violet  ray  will  be  feen  in  the  di-. 
rediion  Br  F ; the  red  ray  will  appear  the  higheft,  the  vio- 
let the  loweft,  and  the  reft  in  order,  according  to  their  dif- 
ferent refi-angibility,  as  in  the  interior  bow  (Fig.  2.  Plate 
IV. ) ; for  the  drop  of  water  defcends  from  F to  e.  What 
has  been  obferved  of  one  drop  of  water,  will  be  true  in  an 
infinite  number  of  drops  ; hence  the  interior  bow  is  com-  • 
pofed  of  a circular  arch,  whofe  breadth  is  F e,  proportional 
to  the  difference  between  the  leall  and  moft  refrangible  rays.. 

To  explain  the  exterior  bow,  Let  c t n d (Plate  IV.  Fig. 

I ) rcprelent  a drop  of  rain,  S ^ a ray  of  light  falling  upon 
the  under  part  of  it  at  d ; inftead  of  this  ray  continuing  its  = 
diredlion  towards  w,  it  will  be  refrafted  to  «,  whence  part : 
ofitwillpafs  through  the  drop,  and  the  reft  will  be  re-- 
fleftcd  to  / ; at  / a part  of  it  will  again  pafs  through  the* 
drop,  and  the  remainder  will  be  reflected  to  C ; then  in  1 
emerging  from  the  water  into  the  air,  inftead  of  continuing, 
the  (iiredlion  CZ,  it  will  be  refradled  from  C to  the  eye 
at  O.  But  as  this  ray  of  light,  like  that  in  the  interior 
bow,  confifts  of  a pencil  of  rays  of  difterent  refrangibility,,  ' 
the  red,  which  is  the  leaft  refrangible,  w*ill  proceed  to--  ‘ 
wards  A ; and  the  violet,  which  is  the  moft  refrangible, , 
will  proceed  towards  O.  Now,  if  the  eye  of  the  fpetfator  ' 
be  fo  placed  that  the  ray  of  light  falling  upon  it  has  been  ' 
twice  reflefted,  and  twice  refrafted,  fo  that  O 0 fhall  make  ' 
with  the  folarray  S 0 an  angle  S 0 O of  54°  7',  he  will  fee  ' 
the  violet  ray  in  the  direction  O c v \ and  if  the  eye  be  ' 
raifed  to  A,  fo  that  A 0 fhall  make  with  the  folar  ray  S-o  an  • 
angle  S 0 A of  50°  57',  the  red  ray  will  be  feen  in  the  di--  < 
re6tion  A t r ; the  violet  ray  will  appear  the  higheft,  and  > 
the  red  ray  the  low’dt,  and  the  reft  in  order  according  to 
their  differant  refrangibility,  as  in  the  ext(?rior  bow  (Plate 
IV.  Fig.  2.), for  the  drop  of  water  defcends  from  H to  d.- 


page  237,  prob  xxvi,  of  his  Optics,  by  ilie  method  of  fluxions  or  incre" 
ments,  and  ufing  the  numbers  above,  finds  that  the  angle  wliich  the 
emergent  ray  makes  with  the  incident  ray,  in  the  interior  bow,  is  42“  2'  ! 

for  the  red,  and  40°  17' for  the  violet  ; and  for  the  exterior  bow,  theCo 
angles  are5C°57',  and  54°  7'.  The  inveftigations  are  here  omitted,  be- 
c?ufe  they  c.;nnot  be  rendered  intcl  igible  to  any  perfoiu  but  matheina-- 
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The  fame  obfervations  apply  to  an  infinite  number  of  drops, 
as  in  the  interior  bow. 

Hence,  if  the  fun  were  a point,  the  breadth  of  the  exte- 
rior bow  woidd  be  (54®  7' — 50°  57')  3°  10',  that  of  the  in- 
terior bow  (42°  2' — 40°  17')  1°  45',  and  the  diftance  be*- 
tween  them  (50°  57' — ^42°  2’)  8®  55  ; but,  as  the  mean  dia- 
meter of  the  fun  is  about  32'  2",  the  breadths  of  the  bows 
mull  be  increafed  by  this  quantity,  and  their  diftances  dimi- 
nilhed  ; the  breadth  of  the  exterior  bow  will  then  be  3°  42', 
that  of  the  interior  bow  2®  17',  and  their  diftance  8®  25'. 
The  greateft  femi-diamclcr  of  the  interior  bow  will  be 
(42°  2'  + 16',  the  fun’s  femi-diameter)  42°  18',  andtheleaft 
feml-diameter  of  the  exterior  bow  (50°  57' — 16'  the  fun’s 
Icini-diameter)  50°  41'. 

All  rainbows  are  arches  of  equal  circles,  and  confequently 
are  equally  large,  though  we  do  not  always  fee  an  equal 
quantity  of  them  ; for  the  eye  of  a fpeftator  is  the  vertex 
of  a cone,  and  its  circular  bafeis  the  rainbow,  the  femi-dia- 
meter of  which  (for  the  interior  bow)  is  the  fixed  quantity 
42°  18',  equal  to  the  angle  FOP  ; and  as  SF  will  in  all 
fituations  be  parallel  to  OP,  and  the  angle  SFO,  equal  to 
FOP,  mull  be  always  equal  to  42°  18',  it  is  evident  that., 
as  S rifes,  F and  P will  fink  ; and  when  SF  makes  an  angle 
of  42°  18' with  the  horizon,  OF  will  cpincide  wnth  OQ, 
and  the  interior  bow  will  vanifh  ; hence  the  interior  bow 
cannot  befeen  if  the  fun’s  altitude  exceed  42°  18'  ; again, 
as  the  point  P rifes,  the  point  S will  fink,  and  when  OP 
coincides  with  OQ,  SF  will  be  parallel  to  the  horizon  (viz. 
the  fun  will  be  rifing  or  fetting)  and  the  whole  femi-dia- 
meter of  the  rainbow  will  appear,  which  is  the  greateft; 
part  of  it  that  ever  can  be  feen  on  level  ground  ; hence 
half  a rainbow  is  the  moft  that  can  be  feen  in  fuch  a 
fituation  ; but  if  the  obferver  be  on  the  top  of  a high  moun- 
tain, fuch  as  the  Andes,  with  his  back  to  the  fun,  and  if  it 
rains  in  a valley  before  him,  a whole  rainbow  may  be  feen, 
forming  a complete  circle.  The  above  reafoning  is  equally 
applicable  to  the  outer  bow  ; hence,  as  the 'fun  rifes,  the 
bows  fink,  and,  when  his  altitude  exceeds  42°  18',  the  in- 
terior bow  cannot  be  feen,  and,  if  it  exceeds  (54°  7'  + ifi') 
54°  23',  the  exterior  bow  cannot  be  feen. 
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PART  IT. 

THE  ELEMENTARY  PRINCIPLES  OF  ASTRONOMY, 
CONTAINING, 

I.  The  Solar  Syjlem^  Idc.  2.  The  Nature  of  Comets;  the  Elon> 
gatlons,jlationary  and retrogradeNppearances  of  iheP lar.ets  ; 
of  the  Fixed  Stars;  the  Eclipfes  of  the  Sun  and  Moon  lyd c. 


Chapter  I. 

# 

Of  the  Solar  Syjlem . ( Plate  II.  Fig.  i . ) 

folar  fyftemis  fo  called  becaufe  the  fun  is  fuppofed 
to  be  placed  in  a certain  point  termed  the  centre  ot 
the  fyftem,  having  all  the  planets  revolving  round  him  at 
different  dillances,  and  in  different  periods  of  time.  T.'his 
is  likewife  called  the  Copernican  fyftem. 

I.  Of  the  Sun. 

■ The  fun  is  fituated  near  the  centre  of  the  orbits  of  all  the 
planets,  and  .revolves  on  its  axis  in  25  days  14  hours  8 mi- 
nutes. This  revolution  is  determined  from  the  motion  of  the 
fpots  on  its  furface,  vsrhich  firil  make  their  appearance  on  the 
eaflern  extremity,  and  then  by  degrees  come  forwards  to- 
wards the  middle,  and  fo  pafs  on  till  they  reach  the  weftern 
edge,  and  then  difappear.  When  they  have  been  abfent  for 
nearly  the  fame  period  of  time  which  they  were  vifible,  they 
appear  again  as  at  lirft,  linifhing  their  entire  circuit  in  27 
days  12  hours  20  minutes  *. 


* M.  Caflmi  determined  the  time  which  the  lun  takes  to  revolve  on  its 
axis  thus  : the  time  in  which  a fpot  returns  to  the  lame  fituatlon  on  the 
lull’s  jifc  (determined  from  a leries  cf  accurate  obfervations)  is  27  d.  12  h. 
20  m.-»  now  the  mean  mtrion  of  the  earth  in  that  time  is  2 7*  7'  8"  ; hence, 
360®  + 2;°  7'  8"  : 27  d.  12  h.  20  m. : : 360° : 25  d.  14  h.  8 m.,  tire  time 
of  rotation. 
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The  fun  is  likewife  agitated  by  a fmall  moticm  round 
the  centre  of  gravity  of  the  folar  fyllem,  occafioned 
by  the  various  attractions  of  the  furrounding  planets  ; but, 
as  this  centre  of  gravity  is  generally  within  the  body  of 
the  fun  * * * §,  and  can  never  be  at  the  diltance  of  more  than 
the  length  of  the  folar  diameter  frpm  the  centre  of  that 
body,  allronomers  generally  conlider  the  fun  as  the  centr® 
of  the  fyllem,  round  which  all  the  planets  revolve  ; though 
in  reality  the  centre  of  gravity  of  the  fun  and  of  all  the  planets 
is  t\\Q  centre  of  the  luorld  -j-.  As  the  fun  revolves  on  an  axis, 
his  figure  is  fuppofed  not  to  be  ftri£l!y  in  the  form  of  a 
globe,  but  a little  flatted  at  the  poles  ; and  that  his  axis 
makes  an  angle  of  about  eight  degrees  with  a perpendi- 
cular to  the  plane  of  the  earth’s  orbit.  As  the  fun’s  appa- 
rent diameter  is  longer  in  December  than  in  June,  it  fol- 
lows that  the  fun  is  nearer  to  the  earth  in  our  winter  than  it 
is  in  fummer  ; for  the  apparent  magnitude  of  a dillant  body 
diminifhes  as  the  diflance  increafes.  The  mean  apparent 
diameter  of  the  fun  is  Hated  to  be  32'  2"  ; hence,  taking  the 
diflance  of  the  fun  from  the  earth  to  be  95  millions  of  miles  as 
before  determined  i^,  its  real  diameter  will  be  886149  miles  ; 


* Sir  I.  Newton’s  Princip.  Bock  iii.  Prop,  ii  and  12. 

4 Newton’s  Princip.  Bock  iii.  Prop.  T2.CcroL 

I Walker’s  Familiar  Philofojhy,  Leiture  .xi.  p.age  516. 

§ 1 he  I'emi  diameter  of  the  earth  has  been  determined  at  page  57,  in 
the  note,  to  be  3982  miles ; and  the  diitance  of  the  e.irth  from  the  Fan  i; 
23882.84  femi-diameters  of  the  eirth.  See  the  note,  page  63.  Now, 
the  apparent  I'emi-di '.meter  m n of  the  fun  ( Plate  IV.  Fig.  3.)  Is  mea- 
fiired  by  the  angle  m o n ~ 32’'  2''  ; hence  the  angle  O m n~  the  aoglo 

O n m ~ . .—89° 43’ 59'^;  and  on  accoiHit  of  the  didance  of 

the  fun  from  the  earth,  O m,  OC,  and  O n may  be  confidered  as  equal. 
Hence. 

As  fine  O « OT  89®  43'  59''  * 9-9999953 

Is  to  23882.84  femi-dbmeters  - 4.3780860 

£0  is  fine  mO  n 7,"  - - 7-9693152 


To  222.5388  femi-diameters 


2-3474059 


Now,  222.5388  X 3982  886149.5016  miles  the  diameter  of  the  iTin, 

the  cube  of  which  divided  by  the  cube  of  7964,  the  diameter  of  the 
earth,  gives  1377613  times  the  fun  is  larger  than  the  earth. 

G 4 and, 
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and,  as  the  magnitudes  of  all  fpherical  bodies  are  as  the 
cubes  * of  their  diameters,  the  magnitude  of  the  fun  will  be 
1377613  times  that  of  the  earth  ; the  diameter  of  the  earth 
being  only  7964  miles,  the  diameter  of  the  fun  is  above  one 
hundred  and  eleven  times  the  diameter  of  the  earth. 

II.  Of  Mercury  ^ . 

Mercury  is  the  leaft  of  all  the  planets  whofe  magnitude# 
are  accui'ately  known,  and  the  neareft  to  the  fun.  The  in- 
clination of  its  axis  to  the  plane  of  its  orbit,  and  the  time  it 
takes  to  revolve  on  its  axis,  are  unknown,  confequently  the 
viciffitudes  of  its  feafons,  and  the  length  of  its  day  and 
night,  are  likewife  unknown.  Mercury  is  feen  through  a 
telefcope  fometimes  in  the  form  of  a half  moon,  and  fome- 
times  a little  more  or  lefs  than  half  his  dife  is  feen  ; hence  it 
is  inferred,  that  he  has  the  fame  phafes  as  the  moon,  except 
that  he  never  appears  quite  round,  becaufe  his  enlightened 
fide  is  never  turned  directly  towards  us,  unlefs  when  he  is 
fo  near  the  fun  as  to  become  invifible,  by  reafon  of  the 
fplendor  of  the  fun’s  rays.  The  enlightened  fide  of  this 
planet  being  always  towards  the  fun,  and  his  never  appear- 
ing round,  are  evident  proofs  that  he  fhines  not  by  his  own 
light  ; for,  if  he  did,  he  would  conftantly  appear  round. 
The  beft  obferv’ations  of  this  planet  are  thofe  made  w’hen 
he  is  feen  on  the  fun’s  dife,  called  his  tranfit  ; for,  in  his 
lower  conjunction,  he  fometimes  pafTes  before  the  fun,  like 
a little  fpot,  eclipfing  a fmall  part  of  the  fun’s  body,  only 
obfervable  with  a telefcope.  That  node  from  w'hich  Mer- 
cury afeends  northward  above  the  ecliptic  is  in  the  fifteenth 
degree  of  Taurus  j-,  and  confequently  the  oppofite  or  de- 
feending  node  is  in  the  fifteenth  degree  of  Scorpio.  The 
earth  is  in  tlie  fifteenth  degree  of  Taurus  on  the  6th  of 
May,  and  in  the  fifteenth  of  Scorpio  on  the  4th  of  No- 
vember ; and  w'hen  Mercury  comes  to  either  of  his  nodes  at 


* Euclid  xii.  and  i8th. 

•f-  I'he  place  of  Mercury’s  afeending  node  for  1750  was  15°  2o'43'’in 
Taurus,  and  ils  vatiation  in  one  hundred  years  is  i*’  la'  10  Finn's 
AJirononiy^ 
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I his  inferior  conjunftion  (viz.  when  he  is  between  the  earth 
I and  the  fun),  he  will  pafs  over  the  fun’s  difc,  if  it  happen 
! on  or  near  the  days  above  mentioned  : but  in  all  other  parts 
< of  his  orbit,  he  goes  either  above  or  below  the  fiui,.  and 
! confcquently  his  conjunftions  are  invifible. 

Mercury  performs  his  periodical  revolution  round  the  fun 
I in  87  d.  23  h.  15  min.  43  fee.  ; his  greateft  elongation  is 
( 28°  20',  diftance  from  the  fun  36814721  * miles  ; the  ec- 
centricity 


* The  diftance  of  Mercury,  or  any  planet,  from  the  fun,  may  Be  found 

iby  Kepler’s  rule.  Thus  as  the  fquare  of  tlie  time  which  the  earth 
takes  to  revolve  round  the  fun,  is  to  the  cube  of  the  mean  diftance  of 
the  earth  from  the  fun,  fo  h the  fquare  of  the  time  which  any  odier  planet 
takes  to  revolve  round  the  fun,  to  the  cube  of  its  mean  diftance  ; the- 
I cube-root  of  which  will  give  the  diftance  fought.  Or,  -which  is  Jhorterj^ 

(divide  the  fquare  of  the  time  in  which  any  planet  revolves  round  the  fun,. 

by  the  fquare  of  tlie  time  in  which  the  earth  revolves  round  the  fun,  the- 
I cube-root  of  the  quotient  will  give  the  relative  dijlance  of  the  planet  firom- 
I the  fun.  This  relative  diftance  multiplied  by  the  mean  diftance  of  the- 
earth  from  the  fun,  will  give  the  mean  diftance  of  the  planet  from  the  fun.. 

Firji  for  Mercury.  The  earth  rc'/olves  round  the  fun  in  365  d;  5 h. 
48  m.  48  fee.  .:z  31556928  fee.  the  fquare  of  which  is  995839704797184,, 

. a conftant  divifor  for  all  the  planets,  and  23882.84,  the  diftance  of  the- 
i earth  from  the  fun  in  femudiameters  (fee  page  63,  note)  will  be  a conftant 
1 multiplier.  87  d.  23  h.  15  m.  43  fee  “7600543  fee.  the  fquare  of  which 
is  57768253894849.  This  fquare  divided  by  the  former,  gives  .0580096 
1 nearly,  the  cube-root  of  which  is  .38710991,  the  diftance  of  Mercury  from 
I the  fun,  fuppofing  the  diftance  of  the  earth  from  the  fun  to  be  an  unit,. 

[ .38710991  X 23882.84—9245.2841  diftance  of  Mercury  from  the  fum 
I in  femi-diameters  of  the  earth  hence  9245.2841  x 3982,  radius; 

I of  the  earth,  s:  36814721  miles,  the  mean  diftance  of  Mercury  from 
the  fun. 

The  diftance  of  the  inferior  planets  from  the  fun  may  be  found  by  theip* 

I elongations.  M.  de  h Lande  has  calculated  that,  when  Mercury  is  ir» 

I his  aphelion,  and  the  earth  in  its  perigee,  the  greateft  elongation  of  Mer- 
cury is  28'-’2o'j  but  when  Mercury  is  in  his  perihelion,  and  the  earth: 
iu  its  apogee,  the  greateft  elongation  is  17°  36';  the  medium,  therefore,, 
is  22°  58'.  Hence,  in  the  triangle,  SEV  (Plate  II.  Fig.  2.)  the  angle- 
SEVrz22“58',  the  dilbrnce  at  the  earth  from  the  fun  SE  23882,84 
femirdiainfeleis,  and  EYS  is  a light  angle. 
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CGiitricity  of  his  orbit  is  ellimatecl  at  onc-flfth  of  his  mean 
dillance  from  the  fun  ; his  apparent  dianu-ter  ii"  ; hence 
his  real  diameter  is  3108  miles* *,  and  his  magnitude'  about 
one-fixteenth  of  the  magnitude  of  the  eartli. 

Mercury  emits  a bright  white  light  ; ho  appears  a little 
after  fun-fet,  and  again  a little  before  fun-rife  ; but,  on  ac- 
count of  his  nearnefs  to  the  fun,  and  the  fmallncfs  of  his 
magnitude,  he  is  feldom  feen.  The  light  and  heat  which 
this  planet  receives  from  the  fun,  is  about  feven  times 
greater  than  the  light  and  heat  which  the  earth  receives 


As  rndius,  fine  of  90° 
Is  to  SE— 23882.84 
So  is  fine  of  22®  38' 


10  0000000 
4.3780860 
9.5912823 


To  9318.976  femi-diameters  - 3-9693683 

; ■ I II 

Hence  9318976  X 3982  “ 37108162  miles,  the  didance  oS  Mercury 
from  the  fun  by  this  method ; but  an  error  of  a few  feconds  in  the  elon- 
fation  will  make  a confiderable  difference. 

* The  mean  dillance  of  theearth  from  the  fun  is  23882.84.  femi-diam.  and 
Mercury’s  dillance  9245.2841  femi-diam.:  the  difference  is  14637.5559 
■*fmi- diam.,  the  dillance  of  Mercury  from  the  earth  ; and,  as  the  magni- 
tudes of  all  bodies  vary  ini'erfdy  as  their  diftances,  we  have  by  the  rule  of 
three  inverfe,  as  14637.5559  : it"  : : 23882.84  : 6'  .74179,  the  appa- 
rent diameter  of  Mercury,  at  a dillance  from  the  earth  equal  to  that  of  the 
fun.  Now,  the  mean  apparent  diameter  of  the  fun  is  32'  i'*,  and  its 
real  diameter  886149  miles  ; hence  32^2''  : 886149  m.  : ; 6^'  -74179  •- 
3108  miles  of  the  diameter  of  Mercury  : and,  if  the  cube  of  the  diameter  of 
the  earth  be  divided  by  the  cube  of  the  diameter  of  Mercury,  the  quotient 
will  be  16.8  times  the  magnitude  of  the  earth  exceeds  that  of  Mercury. 

The  diameter  of  Mercury  might  have  been  found  exa6lly  in  the  fame 
manner  as  the  diameter  of  the  fun  was  found  in  the  note  page  127,  ufing  ii'' 
inftead  of  32'  2",  and  14637.5559  femi-diam.  inftead  of  23882.84  femi- 
diam.  : the  refult  of  the  operation  in  this  cafe  will  be  .78061  femi-diam.  of 
the  earth;  hence  .78061  X 3982  n 3108  miles  the  diameter  of  Mercury 
•exaitly  as  above,  it  has  been  remarked  at  page  62,  that  the  apparent 
diameters  of  the  planets  are  meafured  by  a micrometer,  faid  to  be  invented 
by  M.  Azout,  a Frenchman ; but  it  appears, . from  the  Philofophical 
Tranfeftions,  that  it  was  invented  Gafeotgne,  an  Englljhman 

•f-  A.s  the  effedls  of  light  and  heat  are  reciprocally  proportion^  to  the 
fquares  of  the  diftances  from  the  centre  whence  they  are  propagated  , if  you 
^ide  the  fquare  of  the  earth’s  diftance  from  the  fun,  by  the  fquare  of 
Mercury’s  diftance  from  the  fun,  the  quotient  will  Ihcw  the  comparative 
heat  of  Mercury  to  that  of  the  earth. 
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The  orbit  of  Mercury  makes  an  angle  of  feven  degrees 
with  the  ecliptic,  and  he  revolves  round  the  fun  at  the  rate 
of  upwards  of  one  hundred  and  nine  thoufand  miles  per 
hour*.  The  manner  in  which  the  earth  revolves  round  the 
fun,  has  already  been  explained  at  page  62,  and,  as  all  the 
other  planets  move  in  a fimilar  manner  in  elliptical  orbits, 
having  the  fun  in  one  of  the  foci,  what  has  been  obferved 
refpefting  the  earth  will  be  equally  applicable  to  all  the 
planets. 

III.  Of  Ven ws  $ . 

Venus  is  the  brighteft,  and,  to  appearance,  the  largell 
of  all  the  planets  ; her  light  is  diftinguilhed  from  that  of 
the  other  planets  by  its  brilliancy  and  whitenefs,  which  are 
fo  confiderable  that,  in  a dulky  place,  (he  caufes  an  obje<5f 
to  call  a fenfible  lliadow.  Venus,  when  viewed  through  a te- 
lefcope,  appears  to  have  all  the  phafes  of  the  moon,  from 
the  crefcent  to  the  enlightened  hemifphere,  though  Ihe  is 
feldom  feen  perfedlly  round.  Her  illuminated  part  is  con- 
ftantly  turned  tow'ards  the  fun  ; hence  the  convex  part  of  her 
crefcent  is  turned  towards  the  eaft  when  Ihe  is  a morning 
liar,  and  towards  the  well  when  Ihe  is  an  evening  liar ; for, 
when  Venus  is  well  of  the  fun,  as  feen  from  the  earth,  that 
is,  when  her  longitude  is  lefs  than  the  fun’s  longitude,  Ihe 
rifes  before  him  in  the  morning,  and  is  then  called  a morn- 
ing liar  ; but  when  Ihe  is  eallofthe  fun,  viz.  w’hen  her  lon- 
gitude is  greater  than  the  fun’s  longitude.  Hie  Ihines  in  the 
evening  after  the  fun  fets,  and  is  then  called  an  evening 
Har. 


* This  is  found  in  the  fame  manner  as  for  the  earth  at  page  63.  Thu* 
if  you  double  the  diftance  of  any  planet  from  the  fun,  then  multiply  by 
355,  and  divide  the  lart  product  by  113,  you  obtain  the  ciraimference  of 
the  planet’s  orbit  in  miles.  This  circumference,  divided  by  the  number 
of  hours  in  the  planet’s  year,  will  give  the  number  of  miles  per  hour 
which  that  planet  travels  round  the  fun  : a leneral  rule  fo>  all  the  planets. 
Hence, 

The  circumference  of  Mercury’s  orbit  will  be  found  J31313733.717 
miles ; then  as  87  d.  23  h.  15'  a^i''  : 231313733.717  miles  : ; i h. ; 
109361  miles  Mercury  travels hour. 
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Venus  is  a morning  flar,  or  appears  weft  of  the  fun  for 
about  290  days,  and  me  is  an  evening  ftar,  or  appears  eaft 
of  the  fun  for  nearly  the  fame  length  of  time,  though  ftie 
performs  her  whole  revolution  round  the  fun  in  224  days 
16  hours  49  minutes  10  feconds.  A very  natural  queftion 
here  may  be  afked,  viz.  Why  Venus  appears  a longer  time 
to  the  eaftward  or  weftward  of  the  fun  than  the  whole  time 
of  her  entire  revolution  round  him  ? This  is  ealily  anfvvered, 
by  confidering  that,  while  Venus  is  going  round  the  fun, 
the  earth  is  going  round  him  the  fame  way,  though  flower 
than  Venus,  and  therefore  the  relative  motion  of  Venus  is 
flower  than  her  abfolute  motion. 

Sometimes  Venus  is  fecn  on  the  difc  of  the  fun  in  the 
form  of  a dark  round  fpot.  Thefe  appearances  happen 
but  feldom,  viz.  they  can  happen  only  when  Venus  is  be- 
tween the  earth  and  the  fun,  and  when  the  earth  is  nearly 
in  a line  with  one  of  the  nodes  of  Venus  *.  The  laft.  tranfit 
of  Venus  was  in  ij6g,  and  there  will  not  happen  another  of 
them  till  the  year  1874.  The  time  which  this  planet  takes 
to  revolve  on  its  axis,  and  the  inclination  of  its  axis  to  the 
plane  of  its  orbit,  have  been  given  by  different  aftronp- 
mers  ; but  Dr.  Herfchcl,  from  a long  feries  of  obfcrvations 
on  this  planet,  publilhed  in  the  Philofophical  Tranfadlions 
for  1793,  concludes,  that  the  time  of  this  planet^s  rota- 
tion on  its  axis  is  uncertain,  and  that  the  pofition  of  its  axis 
is  equally  uncertain  ; that  its  atmofphere  is  very  conlidera- 
ble ; that  it  has  probably  inequalities  on  its  furface,  but 
that  it  requires  a better  eye  than  his,  or  the  affiftance  of 
better  inftruments  than  he  is  poffeffed  of,  to  difcover  any 
mountains.  The  apparent  diameter  of  Venus  is  ftated  to 
be  58".  79  ; the  eccentricity  of  her  orbit  473100  milcs'l' ; her 
greateft  elongation  47®  48' ; her  revolution  round  the  fun 


• The  place  of  the  afeending  node  of  Venus  lor  1750  was  14®  26'  iS*' 
Sn  Gcmmi,  and  its  variation  in  100  years  is  51'  40'^  Vince  s AJit  a- 
nomy.  ■ 

f For,  according  to  M.  de  la  Lande,  if  the  mean  dillance  of  the 
earth  le  looooo,  the  eccentricity  of  Venus  will  be  498  ; hence,  when 
the  diflanee  1*9^  millioBS  of  miles,  the  sccentricity  will  be  473100  miles. 
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is  performed  in  224  d.  16  h.  49  m.  10  fee.  *,  as  before  fta- 
ted  ; and,  if  her  apparent  diameter  be  taken  as  above,  her 
true  diameter  will  be  -j*  7498  miles,  and  her  magnitude 
lomcthing  lefs  than  that  of  the  earth  ; likewife  her  diftance 
from  the  fun  which  will  be  found  to  be  68791752  miles. 

I'he  light  and  heat  which  this  planet  receives  from  the 
fun,  are  ^out  double  to  what  the  earth  receives  The  or- 
bit of  V^enus  makes  an  angle  of  3°  23'35"with  the  ecliptic, 
and  fhe  revolves  round  the  fun  at  the  rate  of  upwards  of 
eighty  thoufand  miles  per  hour  §.  This  planet,  like  Mercury, 
never  departs  from  the  fun  ; fhe  is  only  vifible  a few  hours 
in  the  morning  before  the  fun  rifes,  or  in  the  evening  after 
he  fets,  an  evident  proof  that  the  orbits  of  thefe  planets  are 
contained  within  the  orbit  of  the  earth,  otherwife  they 
would  be  feen  in  oppoiition  to  the  fun,  or  above  the  ho- 
rizon at  midnight. 


* The  feconds  in  this  time  ~ 19414150,  the  fquare  of  which  is 
376909230222500,  this  divided  by  995839704797184  (fee  the  note,  page 
129),  gives  .3784838,  &c.  tile  cube  root  of  which  is  .7233511  ; this 
imikiplieu  by  23882-84  produces  17275.678585  femi-diam.,  which 
multiplied  by  3982  ~ 68791752  miles  the  diHance  of  Venus  from  the 
fim. 

AI.  de  la  Lande  has  found  the  ireateft  elongations  of  Venus  to  be 
47®  48'  and  44®  57'  when  in  fimilar  fituations  to  Mercury  mentioned  in 
the  note  to  page  129  ; the  medium  is  46“  22'  30^',  ufing  tiiis  angle  and  the 
very  fame  calculation  as  in  the  note  pages  129  and  130,  the  diftance  of  Venus 
from  the  fun  will  be  found  “ 17288.09  femi-diameters  of  the  earth;, 
hence  the  diftance  will  be  had  ~ 68841174  miles,  aftonilhingly  near  to 
the  difhnce  found  by  Kepler’s  rule,  confidering  the  great  difference  in 
the  prineijiles  of  calculation,  and  a ftrong  proof  of  the  truth  of  the  Coper- 
nican  fyflem. 

f Here,  (as  in  the  note  page  130,)  23882-84 — 17275.678585  — 
6607.16145  femi-diam.  diftance  of  Venus  from  the  earth;  hence,  in- 
verfely,  6607.16145  : 58  '.79  : : 23882.84  ; \i>"  .26419,  and  32'  2'^ 
; 886149  • * ^6"  .26419  : 7498  miles  the  diameter  of  Venus.  Or,  by 
irigonometry,  ufing  the  angle  58"-79,  and  diftance  6607.16145,  the  re- 
fuU  is  1.88314;  X 3982  rz  7498  miles. 

f This  is  found  by  dividing  the  fqu-are  of  the  earth’s  diftance  from  the 
fern  by  the  fquare  of  the  diftance  of  Venus  from^e  fun. 

§ By  the  procefs  mentioned  in  the  note  page  13 1,  the  circumference 
of  the  orbit  ofVenus  will  be  found  to  be  432231362.123  miles;  then, 
as  224  tl-  16  h.  49  m.  10  fee, ; 432231362.123  miles  : i h.  ; 80149 
miles  Venus  travels  per  hour,' 
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IV.  Of  the  EARTH0,a«J Us  Satellite  the  Moon  5 . 

The  figure  and  the  magnitude  of  the  earth  have  been  al- 
ready explained  in  Chapter  III,  Part  I ; and  its  diurnal  and 
^ annual  revolution  round  the  fun,  diftance  from  the  fun,  fea- 
fons  of  the  year,  &c.  have  been  Ihewn  in  Chapter  IV  ; as  it 
would  be  fuperlluous  to  repeat  thofe  particulars  here,  this 
chapter  is  confined  entirely  to  the  moon. 

The  moon  being  the  ncarefl  celeflial  body  to  the  earth, 
and  next  to  the  fun  the  moll  refplendent  in  appearance,  has 
excited  the  attention  of  aftronomers  in  all  ages.  The  He- 
brews, the  Greeks,  the  Romans,  and,  in  general,  all  the 
ancients,  ufedto  aflemble  at  the  time  of  new,  or  full  moon, 
to  difcharge  the  duties  of  piety  and  gratitude  for  its  mani- 
fold ufes.  The  day  being  meafured  by  obferving  the  time 
which  the  fun  took  in  apparently  moving  from  any  meridian 
to  the  fame  again,  fo  the  month  was  meafured  by  the  num- 
ber of  days  elapfed  from  new  moon  to  new  moon  ; this 
month  was  fuppofed  to  be  completed  in  thirty  days*  ; and 
when  the  motion  of  the  moon  came  to  be  compared  with, 
and  adjufted  to,  the  apparent  motion  of  the  fun,  twelve  of 
thefe  months  were  thought  to  correfpond  exadtly  with  the 
fun’s  annual  courfe.  The  lunar  month  is  of  two  forts,  pe- 
riodical and  fynodical.  A periodical  month  is  the  time  in 
which  the  moon  finifhes  her  courfe  round  the  earth,  and 
confiftsof  27  days  7 hours  43  min.  5 fecorids  ; and  a fyno- 
dical month  is  the  time  elapfed  from  new  moon  to  new 


* The  Rev.  Mr.  Coftard,  in  his  Hiftory  of  Aftronomy,  fuppofes  that 
the  oldeft  meafure  of  time  (taken  from  the  revolutions  of  the  heavenly 
bodies)  was  a month  : and,  after  the  length  of  the  year  was  difeovered, 
the  ecliptic,  and  all  other  circles,  Were  divided  into  360  equal  parts,  called’ 
degrees,  becaufe  30  d.  x — 360  days,  the  length  of  the  year.  Hift 
In  an  account  of  the  Pelew  Iflands,  we  are  told  that  the 
inhabitants  reckoned  their  time  by  months,  and  not  by  years ; for,  when 
the  King  entrufted  his  fon  to  the  care  of  Captain  Wilfon,  he  inquired 
how  nwny  would  elapfe  before  he  might  expeft  the  return  of  his 
fon.  The  inhabitants  ©f  thefe  iflands  were  totally  ignorant  of  the  arts  and 
icicnccSt 
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I moon,  and  goiififts  of  29  days  12  hours  44  min.  3 feconds. 
The  lynodical  month  was  probably  the  only  one  obferved 
in  the  infancy  of  aftronomy. 

The  orbit  of  the  moon  is  nearly  elliptical,  having  the 
• earth  in  one  of  its  foci  ; but  the  eccentricity  of  thiseilipfis 
I is  variable,  being  th.e  greatell  when  the  line  of  tlie  apfulcs 
is  in  the  lyzygies,  for  then  the  tranverfc  axis  of  the  moon’s 
orbit  is  lengthened  ; and  the  leall  when  the  tranverfe  axis 
is  in  the  quadratures,  for  then  the  conjugate  axis  is  length- 
ened, and  coniequently  the  orbit  approaches  nearer  to  a 
circle.  The  moon,  in  her  revolution  round  the  earth, 
would  always  deferibe  the  fame  ellipfis,  were  that  revolution 
undirturbed  by  the  acfion  of  the  fun  ; the  principal  axis  of 
her  orbit  would  remain  at  reft,  and  be  always  of  the  fame 
quantity  ; her  periodic  times  would  all  be  equal,  and  the 
inclination  of  her  orbit  to  the  ecliptic  and  the  place  of  her 
nodes  would  be  invariable  : but  her  motions  being  difturbed 
by  the  ai£f ion  of  the  fun,  they  become  fubjc6l  to  fo  many 
irregularities,  that  to  calculate  the  moon’s  place  truly,  and 
to  eftablifti  the  elements  of  her  theory,  are  alinoft  infuperable 
difnculties. 

The  orbit  of  the  moon  is  inclined  to  the  ecliptic  m an 
angle,  which  is  variable  from  5°  to  5°  ib',  confequently  it 
is  inclined  in  an  angle  of  5°  9'  at  a medium.  The  motion  of 
the  moon’s  nodes,  or  places  where  her  orbit  crofles  the  orbit" 
of  the  earth,  is  weftward,  or  contrary  to  the  order  of  the 
hgns  : this  motion  is  likewife  irregular,  but  by  comparing 
together  a great  number  of  diftant  obfervations,  the  mean, 
annual  retrograde  motion  is  found  to  be  about  19°  19'  44", 
fo  that  the  nodes  make  a compleat  retrograde  revolution  from 
any  point  of  the  ecliptic  to  the  fame  again  in  about  18  years 
228  days  6 hours.  The  axis  of  the  moon  is  almoft  perpen- 
dicular to  the  plane  of  the  ecliptic,  the  angle  being  88°  17', 
confequently  fhe  has  little  or  no  diverfity  of  feafons.  The 
moon  turns  round  her  axis,  from  the  fun  to  the  fun  again,  in 
29  days  12  hours  44  minutes  3 feconds,  which  is  exaftly 
the  time  that  fhe  takes  to  go  round  her  orbit  from  new 
moon  to  new  moon  ; fhe  therefore  has  conftantly  the  fame 
fide  turned  towards  the  earth.  This,  however,  is  fubjeft  to 

afmall 


136  OF  THE  SOLAR  SYSTEM.  Part  IL 

a fmall  variation,  called  the  libration  * * * § of  the  moon,  fo  that 
Ihefometimes  turns  a little  more  of  the  one  fide  of  her  face 
towards  the  earth,  and  fometimes  a little  more  of  the 
other,  arifing  from  her  uniform  motion  on  her  axis  and 
unequal  motion  in  her  orbit : this  is  called  her  libration  in 
longitude.  The  moon  likewife  appears  to  have  a kind  of 
vacillating  motion,  which  prefents  to  our  view  fometimes 
more  and  fometimes  lefs  of  the  fpots  on  her  furface  towards 
each  pole ; this  arifes  from  the  axis  of  the  moon  making  an 
angle  of  about  1°  43' with  a perpendicular  to  the  plane  of 
the  ecliptic  ; and,  as  this  axis  maintains  its  parallclifm  during 
the  moon’s  revolution  round  the  earth,  it  muft  neceflarily 
change  its  fituation  to  an  obferver  on  the  earth  ; this  is  cal- 
led the  moon’s  libration  in  latitude. 

While  the  moon  revolves  rouhd  the  earth  in  an  elliptical 
orbit,  Ihe  likewife  accompanies  the  earth  in  its  elliptical  or- 
bit round  the  fun  ; by  this  compound  motion  her  path  is 
every  where  concave  towards  the  fun  f . 

The  moon,  like  the  planets,  is  an  opaque  body,  and 
Ihines  entirely  by  light  received  from  the  fun,  a portion  of 
which  is  reflefted  to  the  earth.  As  the  fun  can  only  en- 
lighten one-half  of  a fpherical  furface  at  once,  it  follows 
that  according  to  the  fituation  of  an  obferver,  with  refpedt 
to  the  illuminated  part  of  the  moon,  he  will  fee  more  or  lefff 
of  the  light  reflected  from  her  furface.  At  the  conjundtion, 
or  time  of  new  moon,  the  moon  is  between  the  earth  and 
the  fun,  and  confequently  that  fide  of  the  moon  which  is 
never  feen  from  the  earth  is  enlightened  by  the  fun  ; and 
that  fide  which  is  conftantly  turned  towards  the  earth  is 
wholly  in  darknefs  Now,  as  the  mean  motion  of  the 
moon  in  her  orbit  exceeds  the  apparent  motion  of  the  fun 
by  about  12®  n’  in  a day  it  follows  that,  about  four 

* A lunar  globe  was  publiflicd  a few  years  ago  by  Mr.  RufTel,  which 
(hews  not  only  the  libration  of  the  moon  in  the  moft  perfeft  manner,  but 
is  a complete  picture  of  the  mountains,  pits,  and  (hades,  on  her  furface. 

•f  See  M.  Maclaurin’s  account  of  fir  Ifaac  Newton’s  difeoreries,  book 
5v.  chap.  5 ; Rowe’s  Fluxions,  fecond  edition,  page  225 ; Fergufon’s 
Aftronomy,  oftavo  edition,  article  266 ; or  a treatife  on  Aftroaomy,  by 
Mr.  O.  Gregory,  article  458. 

Except  the  light  which  is  reflefled  upon’  it  from  the  earth,  which 
we  cannot  perceive. 

§ See  the  note  page  76. 
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days  after  the  new  moon.  Hie  will  be  feen  in  the  evening  a 
little  to  the  eafl  of  the  fun,  after  he  has  defcended  below  the 
weftern  part  of  the  horizon.  A fpeftator  will  fee  the  con- 
vex part  of  the  moon  towards  the  weft,  and  the  horns  or 
cufps  towards  the  eaft  ; or,  if  the  obfervcr  live  in  north 
latitude,  as  he  looTcs  at  the  moon  the  horns  will  appear  to 
the  left  hand  ; for  if  the  line  joining  the  cufps  of  the 
moon  be  bifefted  by  a perpendicular  pafling  through  the 
enlightened  part  of  the  moon,  that  perpendicular  will  point 
direftly  to  the  fun.  As  the  moon  continues  her  motion 
eaftward,  a greater  portion  of  her  furface  towards  the  earth 
becomes  enlightened  ; and  when  (he  is  90  degrees  eaftward 
of  the  fun,  which  will  happen  about  73-  days  from  the  time 
of  new  moon,  Ihe  will  come  to  the  meridian  about  6 o’clock 
in  the  evening,  having  the  appearance  of  a bright  femi- 
circle  ; advancing  Hill  to  the  eaftward,  (he  becomes  more 
enlightened  towards  the  earth,  and  at  the  end  of  about 
14I  days,  ftie  will  come  to  the  meridian  at  midnight,  be- 
ing diametrically  oppofite  to  the  fun  ; and  confequently  flie 
appears  a complete  circle,  or  it  is  faid  to  be  full  moon.  The 
earth  is  now  between  the  fun  and  the  moon,  and  that  half 
of  her  furface  which  is  conftantly  turned  towar  ds  the  earth, 
is  wholly  illuminated  by  the  dire£f  rays  of  the  fun  ; whilft 
that  half  of  her  furface  which  is  never  feen  from  the  earth 
is  involved  in  darknefs.  The  moon  continuing  her  pro- 
grefs  eaftward,  fhe  becomes  deficient  on  her  weftern  edge, 
and  about  7 j days  from  the  full  moon  ftie  is  again  w'ithin 
90  degrees  of  the  fun,  and  appears  a femi-circle  wdth  the 
convex  fide  turned  towards  the  fun  : moving  on  ftill  eaft- 
ward, the  deficiency  on  her  weftern  edge  becomes  greater, 
and  fhe  appears  a crefeent,  w’ith  the  convex  fide  turned  to- 
wards the  eaft  and  her  cufps  or  horns  turned  towards  the 
weft  : and  about  14I  days  from  the  full  moon  file  has 

again  overtaken  the  fun,  this  period  being  performed  in  29 
days  1 2 hours  44  minutes  3 feconds,  as  has  been  obferved 
before.  Hence,  from  the  new  moon  to  the  full  moon,  the 
phafes  are  horned,  half  moon,  gibbous  ; and  as  the  convex 
or  well-defined  fide  of  the  moon  is  always  turned  towards 
the  fun,  the  horns,  or  irregular  fide,  will  appear  to  the  eaft, 
or  towards  the  left  hand  of  a fpeftator  in  north  latitude. 
From  the  full  moon  to  the  change,  the  phafes  are  gibbous. 
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half  moon,  and  horned,  the  convex  or  well-defined  fide  of  her 
face  will  appear  to  the  eall,  and  her  horns  or  irregular  fide 
towards  the  weft,  or  to  the  right  hand  of  a fpe<ftator. 

As  the  full  moons  always  happen  when  the  moon  is  di- 
re^fly  oppofite  to  the  fun,  all  the  full  moons,  in  our  winter, 
happen  when  the  moon  is  on  the  north  fide  of  the  cquinc<ftial. 
The  moon,  while  flie  paffes  from  Aries  to  Libra,  will  be 
viiible  at  the  north  pole,  and  invifible  during  her  pirogrefs 
from  Libra  to  Aries  ; confequently,  at  the  north  pole,  there 
is  a fortnight’s  moonlight  and  a fortnight’s  darknefs  by 
turns.  1 he  fame  phenomena  will  happen  at  the  fouth  pole 
during  the  fun’s  abfence,  in  our  fummer.  If  the  earth 
the  moon,  and  the  fun,  were  all  in  the  fam.e  plane,  there 
would  be  an  eclipfe  of  the  fun  at  every  new  moon  (for  then 
the  moon  is  betw^een  the  earth  and  the  fun),  and  there  would 
be  an  eclipfe  of  the  moon  at  every  full  m.oon,  at  which 
time  the  earth  is  between  the  fun  and  the  moon.  But  as  the 
orbit  of  the  moon  crofles  the  orbit  of  the  earth  or  the  eclip-- 
tic  in  two  oppofite  points,  called  the  nodes;  it  is  evident  that 
the  moon  is  never  in  the  ecliptic  except  w'hen  ftie  is  in  one 
of  thefe  nodes  ; an  eclipfe,  therefoi'e  can  never  happen  un- 
lefs  the  m.oon  be  in  or  near  one  of  thefe  nodes,  at  all  other 
times  ft-e  is  either  above  or  below  the  orbit  of  the  earth  ; 
and  though  the  moon  crofles  each  of  thefe  nodes  every 
month,  yet  it  there  ftiould  not  be  a new”^  or  full  mmon,  at  or 
near  that  time,  there  will  be  no  eclipfe.  {^Sce  more  of  this 
fuljed  in  a fucceeding  chapter).  The  influenc#  of  the  moon 
upon  the  waters  of  the  ocean  has  already  been  explained  ; 
and  the  nature  of  the  harveft  moon  will  be  ftiewn  amongft 
the  problems  on  the  globes. 

The  moon’s -gicateft  horizontal  parallax  is  61' 32",  the 
leaft  54'  4",  confequently  the  mean  horizontal  parallax  is 
* Si'  48"  ; and  her  mean  dillance  from  the  earth  236847  -{- 
miles. 

* Dr.  Hutton's  Mathematical  Dirt,  vverd  Parallax. 


f As  in  the  note  f age  63. 

Sine  of  angle  PbO  57’  48  ' 

Is  to  femi-diani.  of  the  earth  TO 
So  is  radius  fine  of  90'  “ fine  OPS 
To  59.47938  I'crni  diameters 


8 22:6335 
o.oococoo 
lo-oooocoo 

^•7743665 
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miles.  The  apparent  diameter  of  the  moon  is  variable  ac- 
cording to  her  diftance  from  the  earth  ; her  mean  apparent 
diameter  is  ftatedto  be  31'  7"!  ; hence  her  real  diameter  is 
2144  miles  and  her  magnitude  about  of  the  magnitude 
of  the  earth.  The  moon  performs  her  revolution  round  the 
earth  in  27  days  7 hours  43  minutes  5 feconds,  as  has  been 
oblerved  before,  confequently  fhe  travels  at  the  rate  of 
H 2270  miles  per  hour  round  the  earth,  befidcs  attending  the 
earth  in  its  annual  journey  round  the  fun. 

The  furface  of  the  moon  is  greatly  diverfified  with  ine- 
qualities, which  through  a telefcope  have  the  app.araneeof 
hills  and  valleys.  Allronomers  have  drawn  the  face  of 
the  moon  as  viewed  through  a telefcope,  diftinguHhing  the 
dark  and  ihining  parts  by  their  proper  (hades  and  figures. 
Each  of  the  fpotson  the  moon  has  been  marked  by  a nume- 
rical figure,  ferving  as  a reference  to  the  proper  name  of 
the  particular  fpot  which  it  reprefents  ; as  *,  Herfchel’s 
volcano;  i,  Grimaldi;  2,  Galileo,  &c. ; fo  that  the  feve- 
ral  fpots  are  named  from  the  moll  noted  allronomers,  philo- 


Hence  59.47938  X 3884=1236846.89112)165,  diftance  of  the  moon  irom 
the  e.irth. 

^ Vince’s  Aftronotny. 

^ As  in  the  preceding  notes  fay, inverfely,  as  59.47938  femidiam. : 31' 
7"  : ; 23884  84  lem.  ; .6497,  the  apparent  diameter  of  tlie  moon  at  a 

dift.ince  from  the  earth  equal  to  that  of  the  fun  ; hence  32'  2'^  : 886149 
: : 4''. 6497  : 2143.8  miles  the  diameter  of  the  moon.  Or,  by  trigono- 
metry, the  angle  m O n,  (Plate  IV.  Fig.  3.)  3t'  7^',  hence  O m nZZ 

i^2!iz^ll2l'=890  59/  44'/  26T" 

2> 

As  fine  of  89°  59'  44",  &c.  “ (fine  of  90  extremely 

near)  - - - - lo.ooococ'o 

Is  1059.47938  femi-diameters  - - 1.7743665 

So  is  line  31' 7^'  _ - - - 7.9567310 


To  .53839  femi-di.ameters  of  the  earth 


1-7310975 


And  .53839  X 3982  “ 2143.86,  &c.,  miles  thedi.ameter  of  the  moon  , 
See  the  note  P'^ges  129, 130.  If  the  cube  of  the  earth’s  diameter  be  di. 
vided  by  the  cube  of  the  moon’s  diameter,  the  quotient  will  be  51.2  ; 
hence  the  magnitude  of  the  earth  is  upwards  of  50  times  that  of  the  moon. 

II  For,  by  the  note  page  131,  as  113  : 355  : : 236846.9  x 1-488 
153.09  miles  circumference  of  the  moon’s  orbit  ; tlien  27  d.  7 h.  43  nr. 
5 fee.  : 1488153  09  m. : : i h.  : 2269  5 miles. 

fophers, 
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fophers,  and  mathematicians.  The  beft  and  moft  complete 
pifture  of  the  moon  is  that  drawn  on  Mr.Ruflel's  lunar  globe. 

Dr.  Herfchel  informs  us  that,  on  the  19th  of  April  1787, 
he  difcovered  three  volcanoes  in  the  dark  part  of  the  moon  ; 
two  of  them  appeared  nearly  extindf,  the  third  exhibited  an 
aftual  eruption  of  fire,  or  luminous  matter.  On  the  fubfe- 
fjiient  night  it  appeared  to  burn  with  greater  violence,  and 
might  be  computed  to  be  about  three  miles  in  diameter. 
The  eruption  refembled  a piece  of  burning  charcoal,  co- 
vered by  a thin  coat  of  white  allies  ; all  the  adjacent  parts 
of  the  volcanic  mountain  were  faintly  illuminated  by  the 
eruption,  and  were  gradually  more  obfeure  at  a greater  dif- 
tance  from  the  crater.  That  the  furface  of  the  moon  is 
indented  with  mountains  and  caverns,  is  evident  from  the. 
irregularity  of  that  part  of  her  furface  which  is  turned  from 
the  fun  ; for,  if  there  were  no  parts  of  the  moon  higher 
than  the  rell,  the  light  and  dark  parts  of  her  dife  at  the 
time  of  the  quadratures  would  be  terminated  by  a perfectly 
ftraight  line  ; and  at  all  other  times  the  termination  would 
lie  an  elliptical  line,  convex  towards  the  enlightened  part  of 
the  moon  in  the  firft  and  fourth  quarters,  and  concave  in  the 
fecond  and  third  : but,  inftead  of  thefe  lines  being  regular 
and  well  defined  when  the  moon  is  viewed  through  a tcle- 
fcope,  they  appear  notched  and  broken  in  innumerable 
places.  It  is  rather  fiugular  that  the  edge  of  the  moon, 
which  is  always  turned  towards  the  fun,  is  regular  and  well 
defined,  and  at  the  time  of  full  moon  no  notches  or  indented 
parts  are  feen  on  her  furface.  In  all  fituationsof  the  moon, 
the  elevated  parts  are  conftantly  found  to  call  a triangular 
fhadow  with  its  vertex  turned  from  the  fun  ; and,  on  the 
contrary,  the  cavities  are  always  dark  on  the  fide  next  the 
fun,  and  illuminated  on  the  oppofite  fide  : thefe  appear- 
ances are  exaftly  conformable  to  what  we  obferve  of  hills 
and  valleys  on  the  earth  : and  even  in  the  dark  part  of  the 
moon^s  dife,  near  the  borders  of  the  lucid  furface,  fome 
minute  fpccks  have  been  feen,  apparently  enlightened  by 
the  fun’s  rays  : thefe  (liining  fpots  are  fuppofed  to  be  the- 
fummits  of  high  mountains  *,  which  are  illuminated  by  the 

fun, 

* buppofing  this  to  be  the  faft  aftronomers  have  determined  the  height 
of  fome  of  U\e  lunar  mounuins.  The  method  made  ufe  of  by  RiccioU 

(though 
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fun,  while  the  adjacent  valleys  nearer  the  enlightened  part 
of  the  moon  are  entirely  dark. 

Whether  the  moon  has  an  atmofphere  or  not,  is  a qnef- 
tion  that  has  long  been  controverted  by  various  aftrono- 
mers ; fome  endeavour  to  prove  that  the  moon  has  neither 
an  atmofphere,  feas,  nor  lakes  ; while  others  contend  that 
Ihe  has  all  thefe  in  common  with  our  earth,  though  her  at- 
mofphere is  not  fo  denfe  as  ours.  It  cannot  be  expefted  in 
an  introduftory  treatife,  where  general  received  truths  only 
ought  to  be  admitted,  that  we  fhould  enter  into  the  difeuf- 
fion  of  a controverted  queftion  ; however,  it  may  be  pro- 
per to  inform  the  {Indent,  that  the  advocates  for  an  atmo- 
fpliere,  if  we  may  be  allowed  to  reafon  from  analogy,  have 
the  advantage  over  thofe  who  contend  that  there  is  none. 


(though  it  gives  the  true  refult  only  at  the  time  of  the  quadratures)  is 
here  explained,  becaufe  it  is  much  morefimple  than  the  general  method 
given  by  Dr.  Herfchel  in  the  Philofophical  TranfaiTtions  for  1780.  Let 
AD13  (1  late  IV.  Fig,  7.)  be  the  dife  or  face  of  the  moon  at  the  time  of 
the  quadratures,  ACB  the  boundary  of  light  and  darknefs;  MO  a moun- 
tain in  the  dark  part,  the  fummit  M of  which  is  jull  beginning  to  be  en- 
lightened, by  a ray  of  light  SAM  from  the  fun.  Now,  by  means  of  a 
micrometer,  the  ratio  of  MA  to  AI3  may  be  determined  ; and  as  AC  is 
the  half  of  AB , and  MAC  a right  angled  triangle,  by  Euclid  1 and  47th 

s/  isc-’  +AM  ~CM  from  wliich  take  CO  ~AC,  and  the  remainder 
MO,  is  th-.'  h ight  of  the  mountain,  Riccioli  obferved  the  illuminated 
p.irt  of  the  mountain  St  Catharine,  on  "the  fourtlfday  after  the  new  moon, 
to  be  diHant  ftom  the  illuminated  part  of  the  moon  about  i-fixteenth 
part  of  the  moon’s  diameter,  viz.  MA  ~ i-fixteenth  of  AB,  or  ~x- 
eight  of  AC  ; now,  if  we  t.tke  the  moon’s  diameter  21 .14  miles,  as 
we  have  before  determined,  the  height  of  this  mountain  will  be  8t’.5 
mile?  ! Galileo  makes  MA  ” i-20th  of  AB  ; and  Hevelius  makes 
MA  “ i-26th  of  AB;  the  former  of  thefe  will  give  the  height  of 
the  mountain  Stc  ttiiles,  and  the  latter  miles.  Dr.  Herfchel 

thinks,  “ 'i'h,-!t  the  height  of  the  lunar  mountains  is  in  general  greatly 
over  rated,  and  that  the  generality  of  them  do  not  exceed  half  a mile 
in  their  perpendicular  ehvation.”  On  the  contrary,  M.  Schroeter,  a ' 
learned  aftronomer  of  Lilientlial,  in  the  duchy  of  Bremen,  fays,  that  there 
are  mountains  in  the  moon  much  higher  than  any  on  the  earth,  and  men- 
tions one  above  a thoufand  toifes  higher  than  Chimborayo  in  South  Ame- 
rica. The  fame  author  has  likewife  lately  publifhed  a new  work  on  the 
height  of  the  mountains  of  Venus,  fome  of  which  he  makes  upwards  of 
twenty-three  thoufand  toifes  in  height,  which  is  above  feven  times  the 
height  of  Chimborajo ! 
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It  is  admitted  on  all  liands,  that  the  moon  has  mountains 
and  valleys,  like  the  earth,  and  appears  nearly  the  fame 
vitli  refpedt  to  llu'pe  and  the  nature  of  her  motions  ; may 
we  not  then  fairly  iiifer  that  the  is  fimilar  to  the  earth  in 
other  refpedts  ? 

V.  Of  Mars  ^ . 

Mars  appears  of  a dulky  red  colour,  and  though  he  is 
fometimes  apparently  as  large  as  Venus,  he  never  fliincs 
with  fo  brilliant  a light.  From  the  dulnefs  and  ruddy  ap- 
pearance of  this  planet,  it  is  conjedtured  that  he  is  encom- 
palfed  with  a thick  cloudy  atmofphere,  'through  which  the 
red  rays  of  light  penetrate  more  eafily  than  the  other  rays. 
This  laeing  the  firft  planet  without  the  orbit  of  the  earth,  he 
exhibits  to  the  fpedlator  different  appearances  to  Mercury 
and  Venus.  He  is  fometimes  in  conjundtion  with  the  fun, 
like  Mercuiy  and  Venus,  but  was  never  known  to  tranfit 
the  fun’s  dife.  Sometimes  he  is  dircdtly  0})pofite  the  fun, 
that  is,  he  comes  to  the  meridian  at  midnight,  or  rifes 
when  the  fun  fets,  and  fets  when  the  fun  rifes  ; at  this  time 
he  fliines  with  thegreatefl  luflre,  being  nearL-fi  to  the  earth. 
Mars,  when  viewed  through  a tele-fcope,  aj-pesrs  fometimes 
full  and  round,  at  others  gibbous,  but  never  bevned.  'The 
foregoing  appearances  clearly  fhew,  that  Mars  ir^ovcs  in  an 
oibit  more  dillant  from  the  fun  than  that  of  the  earth.  The 
apparent  motion  of  this  jdanet,  like  that  cf  Mercury  and 
V'enus,  is  fometimes  diredl,  or  from  eaft  to  weft  ; at  others 
retrograde,  or  from  weft  to  caft  ; and  fomietimes  he  appears 
ftationar)'.  Sometimes  he  rifes  before  the  fun,  and  is  feen 
in  the  morning  ; at  others  he  fets  after  the  fun,  and  of 
courfe  is  feen  in  the  evening.  Mars  revolves  on  its  axis  in 
24  hours  39  minutes  22  feconds  ; and  its  polar  diameter  is 
to  its  equatorial  diameter  as  15  to  16,  according  to  Dr. 
Herfchel  ; but  Dr.  Ma/kelyne,  who  carefully  obferved  this 
planet  at  the  time  of  oppofition,  could  perceive  no  difte- 
rence  between  its  axes.  The  inclination  of  the  orbit  of 
Mars  to  the  plane  of  the  ecliptic  is  i°5i'  ; the  place  of  his 
afeending  node  about  18°  in  Taurus*  , his  horizontal  pa- 

* The  longitude  of  the  afeending  node  cf  Mars  for  the  beginning  of  the 
year  1750  was  17°  38'  38'’  in  Taurus,  and  its ’Variation  in  ico  years  is 
46’  40'^.  Vince  s AJironom^. 
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rallax  is  faid  to  be  2 3 ".6  ; he  performs  his  revolution  round 
the  fun  in  686  days  23  hours  15  minutes  44  feconds  ; and 
Iris  apparent  femi-diameter,  at  his  neared  didance  from  the 
earth,  is  25" ; confequently  his  mean  didance  from  the  fun 
is  144907630  f miles  ; his  diameter  4218  miles  ; and  his 
magnitude  a little  more  than  |th  of  that  of  the  earth 
This  planet  travels  round  the  fun  at  the  rate  of  55223  miles 
ptr  hour  § ; and  the  parallax  of  the  earth’s  annual  orbit,  as 
feen  from  Mars,  is  about  41  degrees.  As  the  didances  of 
the  interior  planets/rom  the  fun  are  found  by  their  elonga- 
tions, fo  the  didances  of  the  exterior  planets  may  be  found 
by  the  parallax  of  the  earth’s  annual  orbit  *. 
VI.  Of 

f For,  686  days  23  hours  ij  min  44  I'ec.  rz  39354144  feronds,  the 
fquare  of  which  is  3522914409972736,  this  divided  by  995839704797 
184  the  feconds  in  a year  (fee  the  note  page  129)  gives  3 537632,  the 
cube  root  of  which  is  1.523716,  the  rt'ative  diftance  of  Mars  from  the 
fun  Hence  1.523716  x 23882.84  n 56390.6654  di.dance  ofMarsfrom 
the  fun  in  femi-diam.  of  the  earth,  and  36390.6654  x 3982  n 144907 
629  6 miles  the  mean  diltance  of  Mars  from  the  fun.  Now,  if  the  hon~ 
rant.al  p-nralLax  of  Mars  nt  the  time  o*' oppofition  bo  23'66,as  ftated  by  M. 
de  laCaille,  we  have  (fee  I’atc  IV.  Fig.  6.) 

.Sine  P 30  ~ fins  23' .6  - - 6 0583927 

Istol'O”  r femi  diameter  - o.ooooooo 
So  U radius  fine  of  90'  - - 10.00G0000 


To  SO  Z=  8741.93  femi  diam.  3 9416073 

Hence  tli?  diilance  of  Mars  from  the  earth  at  t >e  time  of  oppofitien  is 
8741.93  of  the  earth’s  femi-di.m»eters ; 8741.93  : IS*'  • • 2.3882.84  : 9'' 
15  the  apparent  diameter  of  Mars  if  foen  from  the  earth  at  a diftance  equal 
thu  of  the  fun  ; then  32',  2 ' : 886149  = • 9"  -^5  • miles  the  dia- 
meter of  Mars. 

I The  cube  of  7964,  the  diarneter  of  the  earth,  is  505119057344  ; 
and  the  cube  of  4218,  the  diameter  of  Mars,  is  75044648232  ; the  quo- 
tient produced  by  dividing  the  former  by  the  latter,  is  6.73.  viz.  the  m 1 3- 
nitude  of  the  earth  is  nearly  feven  times  that  of  Mars. 

^ For,  i'3  : 355  : : 144907630  x 2 : 910481569  miles,  the  cir- 
cumference of  the  orbit  of  Mars,  and  636  diys  23  h.  15  min.  44  fee. 
! 910481569  m.  : ; 1 h.  ; 55223mlles. 

* In  Plate  IV.  Figure  8.  let  S reprefent  the  fun,  E the  earth,  and 
M M®*'s  5 as  the  earth  moves  quicker  in  its  orbit  than  Mars,  the 
planet  Mars  will  appear  to  go  backward  when  the  earth  pafTes  it.  T bus, 
when  the  earth  is  at  E,  Mars  will  appear  amang  the  fixed  ftars  at  m ; but 
as  the  earth  pafles  from  E to  e.  Mars  will  appear  to  go  from  rn  to  n, 
chough  he  b in  reality  travelling  the  fame  way  as  the  earth  from  M to  O. 
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VI.  Of  the  New  Planets,  Ceres,  Pallas,  Juno,  &C, 

I.  On  the  I ft  of  January  iBoi,  M.  Piazzi,  Aftronomerr 
Royal  at  Palermo,  in  the  illand  of  Sicily,  difcovered  a newr 
planet  between  the  orbits  of  Mars  and  Jupiter  (generally- 
called  Ceres  Ferdinandia,  from  the  iftand  in  which  it: 
was  difcovered,  and  Ferdinand  IV.  King  of  the  Two  Sici-- 
lies).  The  elements  of  the  theory  of  this  planet  are  at  pre-- 
fent  very  imperfedlly  known  : it  appears  like  a ftarof  the* 
eighth  magnitude  (confequently  it  is  invifible  to  the  naked; 
eye),  its  diftance  from  the  fun  is  faid  to  be  about  zf  times> 
that  of  the  earth,  and  its  periodical  revolution  nearly  four- 
years  and  eight  months.  This  planet,  called  by  fome  aftro-- 
nomers  an  afteroid,  is  not  confined  within  the  ancient  limits', 
of  the  zodiac.  Its  diameter,  according  to  Dr.  Herfchel,  isi 
about  162  miles. 

II.  On  the  28th  of  March  1802,  Dr.  Olbers  of  Bremen,, 
ivhile  examining  fome  of  the  ftars  near  the  new-difeovered'. 
planet,  Ceres  Ferdinandia,  perceived  a ftar  of  the  feventh 
magnitude,  fituated  near  the  northern  wing  of  the  conftel-- 
lation  Virgo,  which  had  the  appearance  of  a planet.  By 
continuing  his  obfervations,  he  foon  difcovered  it  to  be  a new 
planet,  to  which  he  gave  the  name  of  Pallas.  As  the  theory  - 
qf  the  various  phenomena  of  this  planet  is  lefs  known  even  - 
than  tliat  of  Ceres  Ferdinandia,  the  accounts  of  its  magni-- 
tude,  diftance,  and  the  time  of  its  periodical  revolution  round  , 
the  fun,  muft  be  very  imperfect.  Its  diftance  from  the  fun,, 
and  the  time  of  its  revolution,  are  ftated  to  be  nearly  the 
fame  as  thofe  of  Ceres  Ferdinandia,  and  its  diameter  about 
95  miles. 


The  place  m,  where  Mars  is  feen  from  the  earth  among  the  fi.\ed  ftars,  is 
called  his  Gkockn-cric  place,  but  the  place  P,  where  he  would  he  foen 
from  the  fun,  is  called  his  Heliocentric  place,  and  the  arch  ot  P,  which 
is  the  difference  between  his  apparent  and  true  place, is  called  the  PAR.ai.- 
i.AX  OK  THE  earth’s  ANNUAL  ORBI  T.  Now  as  this  angle  m..v  be 
determined  from  obfervation,  and  is  known  to  be  about  41“;  in  the'right 
angled  triangle  SEM,  we  have  given  SE=i23882.84  lemi-diameters, 
the  diftance  of  the  earth  from  the  fun,  the  angle  SME  meafured  by  the 
arch  m P =41“,  to  find  SM  = 36403.49  i'eini-diameteisof  the  earth, 
the  diftance  of  Mars  from  the  fun. 
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III.  On  the  id  of  September  1804,  Mr.  Harding,  of 
Lilicaithal  in  the  duchy  of  Bremen,  difeowred  the  planet 
Jimo.  It  appeai-8  like  a ftar  of  the  eighth  magnitude,  the 
Planets  or  Aileroids,  Ceres,  Pallas,  and  Juno,  are  all  lo 
ncaily  at  equal  diftances  from  the  fun,  that  it  is  not  yet  de- 
cided with  certainty,  which  of  the  three  is  .the  neareft,  or 
the  mod  remote.  . 

IV.  On  the  29th  of  March  1807,  at  21  m.  pad  8.  mean 
time,  Dr.Olbers  difeovered  a fourth  new  planet  called 

its  right  afeenfion  at  that  time  was  184°  8'  and  its  declina- 
tion 11047'N.  It  is  appaj-ently  about  the  fame  di dance 
from  the  fun  as  the  three  alceady  ijientioned.  In  dzeit  ap- 
pears like  a ftar  of  the  fifth  magnitude- 

VII.  Of.Jutiter.  %,  and  his  Satellites, 

Jupiter  is  the  larged  of  all  the,  placets,  and,  notwith- 
ilanding  his  great  diftance-from  the  fun  and  the  earth,  he 
appears  to  the  naked  eye  almoft  as  large  as  Venus,  though 
his  light  is  fontethfng  left  brilliant.  Jupiter  "when  in  oppo- 
iltion  to  the  fun  (that  is,  when  he  comes  to  the  meridian  at 
mid-night,  or  rifes  when  the  fun  fets,  and  fets  when  the, fun 
rifes),  is  much  nearer  to- the  earth  than  he  is  a little  before 
and  after  his'eonjundtion*  with  the  fun';  hence,  a.t  the  time 
of  oppolition,  he  appears  larger  and  more  luminous  than  at 
Other  times.  When /the*  longitude  of  Jupiter  is  left  than 
that  of  the  fun,  he 'will  be  a morning  ftar,  and  appear  in 
the  e«\d  before  the- fun  rifes  ; -but,  when- -his  longitude  i* 

■ greater  than  the'funft  longitude,-  he  v.dll  be  an  evening  ftar, 
an.d  appear  in  the  weft  affter  the  fun  fct*.  ’ Ji;p:ter  revolves 
■on  his  axis  in  9 hours  56  minutes,  wlilch/s  the  le-ngth  of 
his  day  ; but  as.  his  axis  is  .uearly  perpendicular  to  the 
plane  of  his  orbit,  he  has  noidiveriity  of  fcafons...  Jupiter 
is  furrounded.  by  faint  fnbftances,  called  zonw  or  belts  ; 
which,  froip  their  frequent  chtinge  in  number  and  fituationi, 

• are  generally  fuppofed  to  conlift  of  clouds.  One  or  more 
dark  fpots  frequently  appear  between  the  belts  ; and  when 
a belt  dilappears,  the  contiguous  fpots  difappear  likewife. 
The  time  of  the  rotation  of  the  difterent  fpots  is  \'ariable, 
being  left  by  lix  minutes  near  the  equator  than  near  the 
poles.  Dr,  Harfchel  has  determined,  that  not  only  the 
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times  of  rotation  of  the  different  fpots  var)’,  but  that  the 
time  of  rotation  of  the  fame  fpot  (between  the  25th  of  Fe. 
bruary  1778  and  the  12th  of  April)  varied  from  9 hours 
55  minutes  2ofeconds,  toy  hours  yi  minutes  35  feconds. 

The  inclination  of  the  orbit  of  Jupiter  to  the  plane  of 
the  ecliptic  is  i'  18'  56''  ; the  place  or  his  afeending  node 
about  8 degrees  in  Cancer  * ; and  he  performs  his  revolu- 
tion round  the  fun  in  4330  days  14  h.  27  m.  1 1 fee.  moving 
at  the  rate  of  29894  miles  per  hour,  his  mean  diftance 
from  tlie  fun  being  494499108  miles  f.  Jupiter  at  his 
mean  dillance  from  the  earth,  at  the  time  of  oppofition, 
fubtends  an  angle  of  46",  hence  his  real  diameter  is  89069 
miles  :j:  ; and  his  magnitude  1400  times  that  of  the  earth  ||. 
The  light  and  heat  which  Jupiter  receives  from  the  fun  is 
about  J-j-  of  the  light  and  heat  which  the  earth  receives 


• The  place  of  Jupiter’s  afeending  node  for  the  heginnlng  of  the  year 
1750  was  7°  55'  3a"  in  Cancer,  and  its  variation  in  lOO  years  is  59' 30" 
t^/nce  $ Afironomy 

'f  For,  4330  days  14  hours  27  min.  11  fee.  =:  374164031  feconds, 
the  fquare  of  which  is  139998722094168961,  this  divided  by  995839704 
797184,  thefquare  of  the  feconds  in  a year  (fee  the  note  page  129)  gives 
140.5835913,  the  cube  root  of  which  155.1997,  the  relative  dillance  of 
Jupiter  from  the  fun.  Hence  2388284  x .^I997  =124183.603 148 
dillance  of  Jupiter  from  the  fun  in  fcmi-diameters  of  the  earth  ; and 
124183.603148x3982  = 494499107.7  miles,  the  mean  dillance  of 
Jupiter  from  the  fun. 

Now  (by  the  note  page  131)  113  ; 355  : : 494499107.7  x * : 31070 
29791  miles,  the  circumference  of  the  orbit  of  Jupiter,  and 
4330d.  14b.  27  m.  II  fee.  : 3107029791:  : i h.  : 29894miles. 

^ 494499108- — 95101468  miles  the  dillance  of  the  earth  from  the 
fun,  = 399397640  dillance  of  the  earth  from  Jupiter.  Now,  by  th« 
rule  of  three, inverfoly,  399397640  : 46'':  : 95101468  ; 193". 1862, 
the  apparent  diameter  ol  J upitcr  at  a dillance  from  the  earth  equal  to  that 
of  the  fun.  Hence  (as  in  the  note  p.ige  130)  32'  %"  : 886149  = = 

.1862;  89069.5  miles,  the  diameter  of  Jupiter. 

il  For,  if  the  cube  of  the  diameter  of  Jupiter  be  divided  by  the  cube 
of  the  diameter  of  the  earth,  the  quotient  will  be  1398.9  — 1400  nearly. 

^ If  the  fquare  of  the  mean  dillance  of  Jupiter  from  the  fun  he  divided 
by  the  fquare  of  the  mean  diftance  of  the  earth  from  the  fun,  the  quotient 
be  27. 
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On  account  of  the  great  magnitude  of  Jupiter,  and  hi$ 
quick  revolution  on  his  axis,  he  is  confiderably  more  flatted 
at  the  poles  than  the  earth  is.  The  ratio  between  his  polar 
and  equatorial  diameters  has  been  differently  ftated  by  dif- 
ferent aftronomers  : Dr.  Pound  makes  it  as  12  to  13  } Mr. 
Short  as  13  to  14  ; Dr.  Bradley  as  12^  to  13^  ; aud  Sir 
Ifaac  Newton  (by  theory)  as  93-  to  lOj. 

0/  the  Satellites  of  Jupiter. 

Jupiter  is  attended  by  four  fatellites  or  moons,  each  of 
whicfi  revolves  round  him  in  a manner  fimilar  to  that  of 
the  moon  round  the  earth.  The  times  of  their  periodical 
revolutions  round  Jupiter,  and  their  refpeclive  diftances 
from  his  centre,  are  given  in  the  following  table  * : 


Satellites. 

Periodical  revolution. 

Diltauce  from 
Jupiter  in  feini- 
diameters. 

Diftance  from 
Jupiter  in  Eng- 
lilh  miles. 

I. 

d.  h.  m.  fee. 
I . 18.  27  . 33 

5.67 

2525H 

II. 

3 • 13  • 13-42 

9.00 

4008 1 0 

III. 

7 • 3 -42  • 33 

14.38 

6404-06 

IV. 

16 . 16 . 32 . a 

25.30 

1x26723  • 

The  fatellites  of  Jupiter  are  invifible  to  the  naked  eye  : 
they  w'ere  lirff  difeovered  by  Galileo,  the  inventor  of  tcle- 
fcopes,  in  the  year  i6io.  This  was  an  important  difeo- 


• The  feconU  ani  third  coliiinns  in  the  above  table,  are  copied  from 
M.  dc  la  1-ande,  and  the  fourth  is  found  by  multiplying  the  numbers  bi 
the  third  column  by  44534-5,  being  the  h.ilf  of  89069,  the  diameter  of 
Jupiter.  The  dillances  of  the  facellires  from  the  centre  of  Jupiter  may  be 
found  at  the  time  of  their  greateft  elongations,  by  meafuring  their  dif- 
tances from  the  centre  of  Jupiter,  and  alfo  the  diameter  of  Jupiter,  with 
a micrometer.  Then  fay,  as  the  apparent  di.imeter  of  Jupiter  (by  the 
micrometer)  is  to  his  real  diameter,  lb  is  the  apparent  diftance  of  the  fa- 
lellite  to  its  real  diftance.  Or,  having  determined  the  periodical  thries 
of  the  fatellites,  and  the  diftance  of  one  of  them  from  the  fun,  the  db- 
tanccs  of  all  the  reft  m.iy  be  found  by  Keplct’s  rule,  aj  in  page  \ Vj. 

H 2 VW7 


©F  THE  SOLAR  SYSTEM. 


Part  II. 


14* 

vei-y  ; for,  as  thefe  fatelUtes  revolve  round  Jupiter  in  the 
fame  direftion  wdiich  Jupiter  revolves  round  the  fun,  they 
are  frequently  eclipfed  his  fliadow,  and  afford  an  ex- 
cellent method  of  finding  the  true  longitudes  of  places  on 
the  land.  To  thefe  eclipfes  we  likevvife  owe  the  difcovery 
of  tlie  progreflive  motion  of  light,  and  hence  the  aberration 
of  the  fixed  ftars. 

The  fatellites  of  Jupiter  do  not  revolve  round  him  in  the 
fame  plane,  neither  are  their  nodes  in  the  fame  place. 
Thefe  fatellites  appear  of  different  magnitudes  and  bright- 
nefs  ; the  fourth  generally  appears  the  fmalleft,  but  fome- 
aimes  the  largeff,  and  the  apparent  diameter  of  its  fiiadow 
on  Jupiter  is  fometimes  greater  than  the  fatellite.  M. 
Caflini  and  Mr.  Pound  fuppofed  that  the  fatellites  of  Jupi- 
ter revolved  on  their  axes  ; and  Dr.  Herfchel  has  difco- 
vered  that  they  revolve  about  their  axes  in  the  time  in  which 
they  refpeftively  revolve  about  Jupiter. 

The  firft  fatellite  is  the  moft  important  of  the  four,  from 
its  numerous  eclipfes.  The  times  of  the  eclipfes  Qf.  the  fa- 
tellites of  Jupiter  are  calculated  for  the  meridian  of  Green-, 
wich,  and  inferted  in  the' 3d  page  of  the  Nautical  Almanac 
for  every  month,  and  their  configuration  or  appearances 
xvith  refped.  to  Jupiter  are  inferted  in  page  12.  As  the 
earth  turns  on  its'  axis  from  well  to  call  at  tlte  rate  of  ly 
degrees  in  an  hour,  or  one  degree  in  four  minutes  of  time, 
a perfon  one  degree  wellward  of  Greenwich  .will  obferve  the 
cmeffion  or'inimerfion  of  any  one  of  the  fatellites  of  Jupi- 
ter four  minutes  later- than  the  time  mentioned  in  the  Nau- 
tical Almanac  ; and,  if  he  l>e  <Bne  degrfc  ’eallvvaid  of 
Greenwidx,  the  eclipfe  will  happen  four  minutes  fooner  at 
his  place  of  obfervation  than  at  Greenwich.  Thefe  eclipfes 
mull  be  obfcrved  with  a good  telefcopc  and  a pendulum 
clock  which  beats  feconds  or  .half  fccoijds. 

The  configuration  of  the  .fatellffes  of  Jupiter  at  ten, 
o’clock  at  night,  in  the  year  l'yqS,  jare,  given  in  the  Nau- 
tical Almanac  as  in  the  foUoVing  page';raTi  explanation  of 
which  will  render  the  12th  page  df  tllat  work  intelligible  to 
a young  lludeut  for  any  otjicr  year  and  mOuth- 
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On  the  Jirft  day  of  the  month,  given  above,  the  fecond 
fattllite  is  eclipfed.  at  ten  at  night ; the  firll  and  fourth  fa- 
tellites  are  on  the  le^t  hand  of  Jupiter,  and  the  third  fatel- 
lite  ou  the  right  hand'.  ‘-When  a fatellite  has  north  latitude, 
that  is,  when  it  is  above- the  orbit  of  Jupiter,  it  is  marked 
with  a point  on  the  ■ -left'cluiud,  ae.  .4  ; when  the  fatelKtes 
have  fouth  la:>«”ide,  of - when  they  are  below  the  orbit  of 
Jupiter,  they  are  marked  with  a point,  to  the  right  hand, 
as  I.  3- 

On  the  fecond  day  of  the  month,  at  the  fame  hour,  the 
fecond  and  fourth  fatellites  are  6n  the  left  hand  of  Jupiter, 
and  in  north  latitude  ; and  the  firft  and  third  are  on  the  right 
hand,  in  fouth  latitude. 

■ On  the  ffth  day,  the  firft  fatellite  will  appear  like  a 
bright  fpot  on  the  dife  of  Jupiter  ; the  fecond  apd  third 
■will  be  on  the  left  hand,  in  fouth  latitude ; and  the  fourth 
on  the' right  hand,  in  north  latitude.  . 

On  the  fevenlh  day,  the  four  fatellites  will  appear  in  a 
ftraight  line,  and  all  in  noi  th  latitude  ; the  firft,  fecond, 
and  fourth,  will  be  on  the  right  hand  of  Jupiter,  and  the 
third  oir  the  left. 

On  the  twelfth  day,  the  fecond  and  fourth  fatellites  will 
be  in  conjunilion,  or  appear  as  one  ; the  firft  will  be  in 
north  latitude,  and  the  thii'd  in  fouth  latitude.  Only  three 
of  tlie  fatellites  will  bo  vifible,  and  all  of  them  on  the  left 
hand  of  Jupiter. 
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By  obfervations  on  the  futcllites  of  Jupiter  the  progn-l- 
• /ive  motion  of  light  was  difcovcrcd  ; for  it  has  been  found 
by  repeated  experiments,  that,  when  the  earth  is  exaftly 
between  Jupiter  and  the  fun,  the  cclipfes  of  Jupiter’s  fatcl- 
lites  are  feen  8 ^ minutes  fooner  than  the  time  predifted  by 
calculating  from  aftronomical  tables,  truly  conilruftcd  ; and 
.when  the  earth  is  nearly  in  the  oppofite  point  of  its  orbit, 
thefe  eclipfes  happen  about  8^  minutes  later  than  the  time 
predidfed  ; hence  it  is  inferred,  that  light  takes  up  about 
i6-|  minutes  of  time  to  pafs  over  a fpace  equal  to  the  dia- 
meter of  the  earth’s  annual  orbit,  which  is  190  millions  of 
miles,  or  double  the  diflance  of  the  earth  from  the  lun  ; 
for  if  the  effedls  of  light  were  inftantaneous,  the  eclipfes 
of  the  fatellites  would,  in  all  fituations  of  the  earth  in  its 
erbit,  happen  exadUy  at  the  time  predicted  by  calculation. 

VIII.  Of  Saturn  his  SateUiies  and  Ring. 

Saturn  fhines  with  a pale,  feeble  light,  being  thefartheft 
from  the  fun  of  any  of  the  planets  that  are  vifible  without  a 
telefcope.  This  planet  when  viewed  through  a good  telc- 
fcope,  always  engages  the  attention  of  the  young  allrono- 
mer  by  the  Singularity  of  its  appearance.  It  is  furrounded 
by  an  interior  and  exterior  ring,  beyond  which  are  feven 
fatellites  or  moons,  all,  except  one,  in  the  fame  plane  with 
the  rings.  Thefe  rings  and  fatellites  are  all  opaque  and 
denfe  bodies,  like  that  of  Saturn,  and  fliine  only  by  the 
light  which  they  receive  from  the  fun.  The  dife  of  Saturn 
is  likewife  crofTed  by  obfeure  zones  or  belts,  like  thofe  of 
Jupiter,  which  vary  in  their  figure  according  to  the  direc- 
tion of  the  rings.  Saturn  performs  his  revolution  round 
the  fun  in  10759  ^ hour  51  minutes  ii  feconds  ; hence 

his  mean  diftance  from  the  fun  is  907089032  miles  * ; and 
his  progrcflive  motion  in  his  orbit  is  22072  miles^rr  hour. 

The 


* For  10759  d.  I h 51  m ii  fee.  ::z  929584271  fecoiiJs,  tlie  fqiiare 
of  which  is  864126916890601441,  this  divided  by  995859704797184, 
the  I'quare  of  the  feconds  m a year  (fee  the  note  p.tge  1 29)  gives  86  7. 7569?  8 
the  cube  root  of  wliich  is  9.5381 18,  the  relative  dilhirnio  of  Saturn  from  the 

lUn. 


Chap.  I.  «F  THE  SOLAR  SYSTEM*  I5I 

The  inclination  of  the  orbit  of  Saturn  to  the  plane  of  the 
ecliptic  is  faid  to  be  2°  29"  50',  and  the  place  of  his  afcend- 
ing  node  about  2 1 degrees  in  Cancer  * , 

Saturn,  at  his  mean  dillance  from  the  earth,  fubtendu 
an  angle  of  20'' ; hence  his  real  diameter  is  78730  f miles, 
and  his  magnitude  966  % times  that  of  the  earth.  The 
light  and  heat  which  this  planet  receives  from  the  fun  is 
about  T-'tso  piirt  j|  of  the  light  and  Ireat  which  tlie  earth 
receives. 

According  to  Dr.  Herfchel,  Saturn  revolves  On  his  axis 
from  well  to  eall  in  10  hours  16  min.  2.  fee.  and  this  axis 
is  perpendicular  to  the  plane  of  his  ring.  The  equatorial 
diameter  of  Saturn,  viz.  the  diameter  in  the  direction  of 
the  ring,  is  to  the  polar  diameter,  viz.  the  axis,  as  11  to  10. 

Of  the  Satellites  of  Saturn. 

Saturn  is  attended  by  feven  moons  : the  fourth  was  dif- 
covered  by  Huygens,  a Dutch  mathematician,  in  the  year 
1655.  The ftjly  fecond,  thirds  and  fjth,  were  difeovered  at 
different  times,  between  the  years  1671  and  1685,  by  Caf- 
fini,  a celebrated  Italian  allronomcr.  The and  fe-venfh 
fatellites  were  difeovered  by  Dr.  Herfchel  in  the  years  1787 
and  1789.  The  two  fatellites  difeovered  by  Dr.  Herfchel 
are  nearer  to  Saturn  than  the  other  five,  and  therefore 


fun.  Hence  23882.84  X 9-5j8h8  zr  227797.34609512,  diltance  of  Sa- 
turn from  the  fun  in  lemi-diameters  of  the  earth;  and  227797.346095 1 2 X 
3982  n 907089032.15  miles,  the  mean  diftance  of  Saturn  from  tlic  fun. 
As  113  : 355  : ; 90708(9032  X 2 : 5699408962.1238  miles,  circumfe- 
rence of  the  orbit  of  Saturn,  'i’nen. 

As  10759  ^ S 5699408962  miles  : ; i h. : 22072 

miles  which  Saturn  moves  />er  hour  in  his  orbit. 

• 'J  he  place  of  S.iturn’s  afeending  node  for  the  beginning  of  the  year 
1750  was  21"  32'  22"  in  Cancer,  and  its  variation  in  icx!  years  is  55' 30". 
Vince  s AJlrmomy, 

I 907089032 — 95101468  miles,  the  diftance  of  the  earth  from  the 
fun,  rr  811987564  miles  dilt.ince  of  the  earth  from  Jupiter.  Now,  In- 
verlely,  8x1987564  : 20"  • : 95101468  : 170"  .762,  the  apparent  dia- 
meter of  Saturn  at  a dillance  from  the  earth  equal  to  that  of  the  fun;  (by  the 
note  page  130)  52' 2"  : 8^16149  = = 170"  .762  : 78730  miles,  tiie  dia- 
meter of  Saturn 

^ Found  by  dividing  the  cube  of  the  diameter  of  Saturn  by  the  cube  of 
the  diameter  of  the  earth. 

[j  Found  by  dividing  the  I'quare  of  the  menu  difiance  of  Saturn  from 
the  fun  by  the  fquarc  of  the  earth’s  mean  dillance  from  the  fun. 
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ihoiild  be  called  the j^ry? and  fecond ; but  to  diftingu  Ih  them 
from  the  other  latellite's,  and  to  prevent  confufion  in  refer- 
ring to  former  obfervations,  they  a e called  the  fixth  and 
feventh  fatelUtes.  The  feventh  fat  Hite,  which  is  nearefl; 
to  Saturn,  was  difcovered  a fhort  time  after  the  fixth.  In 
the  following  table,  the  fatellites  aie  arranged  according 
to  their  refpeftive  diftances  from  Saturn,  and  the  Roman 
figures  in  the  left  hand  column  fhew  th;  number  of  the  fa- 
tellite.  The  figures  between  the  parenthefes  fhew  the  or- 
der in  which  they  ought  to  le  numbered. 


1 SatdLtet. 

Periodical  revolution. 

Diftance  from 
Saturn  in  femi- 
diameters. 

Diltance  from 
Saturn  in  Eng- 
lifii  miles. 

1 ! 

1 

1 

d.  h.  m.  I'ec. 
0 . 22  . 37  . 23 

2n 

”15.34 

VI. 

.1.8  . 53  . 9 

35 

139964 

!• 

3; 

I .21  . 18 . 27 

4 a 

172222 

II. 

(4) 

2 . 17  .44 .51 

5r 

i ■ 5= 

216507 

III. 

{^) 

4 . 12 . 25 . 1 1 

8 

314920 

IV. 

lb  I 

15  .22.41.16 

18 

708570 

V. 

(7) 

79  • 7 • 53  • 4.3 

54  . 

21257IO  I 

The  firft,  fecond,  third,  and  fourth  fatellites,  as  well  as 
the  fixth  and  feventh,  are  all  nearly  in  the  fame  plane  with 
Saturn’s  ring,  and  are  inclined  to  the  orbit  of  Saturn  in  an 
angle  of  about- 30  degrees  ; but  the  orbit  of  the  fifth  fatel- 
lite  is  faid  to  make  an  angle  of  15  degrees  with  the  plane  of 
Saturn’s  ring.  Sir*  Ifaac  Newton  cOnjedured*  that  the 
fifth  fatellite  o^  Saturn  revolved  found  its  axis  in  the  fame 
tin^  that  it  revolved  about  .Saturn  and  the  truth  of  his 
opinion  has  been  verified  by  the  obfervations  of  Dr.Herfehel. 

Of  Sat  uni’s  Ring. 

The  ring  of  Saturn  is  a thin,  broad,  and  opaque  circular 
arch,  furrounding  the  body  of  the  planet  without  touching 
it,  like  the  wooden  horizon  of  an  artificial  globe.  If  the 
etpiator  of.  the  artificial  globe  be  made  to  coincide  with  the 


M 


* 


* Principia,  Book  HI,  Prop.  xvii. 
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horizou,  and  the  globe  be  .turned  on  its  axis  fi-om  iveft  to. 
eail,  its  motion  will  repjrefent  that  of  Saturn  on  its  axis, 
and  the  wooden  horizon  will  reprefeiit  the  ring,  efpecially 
if  it  be  fuppofed  a little  more  diftant  from  the  globe.  The 
ring  of  Saturn  was  iirft  difcovered  by  Huygens  ; and  when 
viewed  through  a goodtelefcope,  appears  double.  Dr..Herf- 
chel  fays,  that  Saturn  is  encorapalfed  by  two  concentric 
rings,  of  the  following  d^enfions. 

Miles. 


T nner  diameter  of  the  fmaller  ring 
. Qutfide  diameter  of  ditto  - -- 

Jnuer  dianaeter  of  the  larger  ring, 

Outfide  diameter  of  ditto,  - ’ - 

Breadth  of  the  inner  ring,  - - - 

Breadth  of  the  outer  ring,  - - - 

Breadth  of  the  vacant  fpace,  or  dark  zone  between 
the  rings.  - - *-  - 


146345 

184393 

190248 
204883 
20000 . 
7200 

283^, 


The  ring  of  Saturn  revolves  round  the  axis  of  Saturn, 
and  in  a plane  coincident  with  the’  plane  of  his  equator,  in 
10  hours  32  min.  15.  4^  fee.  The  ring  being  a circle,  ap- 
pears elliptical,  from  its  oblique  pofition  ; arid  it  appears 
moft  open  when  Saturn’s  longitude  is  about  2 ligns  17  de- 
grees, or  8 ligns  17  degrees.  There  have  been  various 
conjedlures  rebative'  to  the  nature  and  properties  of.  this 
iwg. 


I^.  Of  the  Georgium  Siousj  or  Herschel^ 
and  its  Satellites . " 

» ■ f 

The  Georgian  is  the  remoteft  of  all  the  known  planets 
belonging  to  the  folar  fyftem  ; it  was  difcovered  at  Bath  by 
Df.  Herl'chel  on  the  13th  of  March  1781.  This  planet  is 
called  by  the  Englilh  the  Georgium  Sidus,  or  Georgian,  a 
;name  by  which  it  is  dillinguifhed  in  the  Nautical  Almanac. 
It  is  fscquently  called  by  foreigners  in  honour  of 

the  difeoverer.  The  royal  academy  of  Pruflia,  a'ud  fome 
others,  call  it  hecaui'e  the  bdier  planets  are  named 

from  fuch  heathen  deities  as  weaa  relatives':  thus,  Ouranus 
was  the  father  of  Saturn,  sSahtrn  Alie  father  of  Jupiter,  Ju- 
piter  the  father  of  Mars,  fee.  This  planet,  when  viewed 
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through  a telefcope  of  a fmall  magnifying  power,  appears 
like  a liar  of  between  the  6th  and  7th  magnitude.  In  a 
very  fine  clear  night,  in  the  abfence  of  the  moon,  it  may 
be  perceived,  by  a good  eye,  without  a telefcope.  Though 
the  Georgium  Sidus  was  not  known  to  be  a planet  till  the 
time  of  i)r.  Herfchel,  yet  altronomers  generally  believe 
that  it  has  been  feen  long  before  his  time,  and  conlidered  as 
a fixed  liar  *. 

In  fo  recent  a difeovery  of  a planet  at  fuch  an  immenfe 
diftance,  the  theory  of  its  magnitude,  motion,  &c,  mull  be 
in  fome  degree  imperfeft.  Its  periodical  revolution  round 
the  fun  is  laid  to  be  performed  in  30445  ^ days,  or  upwards 
of  83  years  : the  ratio  of  its  diameter  to  that  of  the  earth, 
is  as  4.32  to  1 ; confequently  its  magnitude  is  upwards 
of  eighty  times  that  of  the  earth.  If  the  periodical  revo- 
lution of  the  Georgian,  as  above,  be  truly  afeertained  its 
dillance  from  the  fun  may  be  determined  by  Kepler’s  rule, 
as  for  the  other  planets. 

The  Georgian  planet  is  attended  by  fix  fatellites  ; their 
periodical  revolutions  and  times  of  difeovery  are  as  follow  ; 


d.  h. 

m. 

s. 

I.  or 

neareft,  revolves  in  c 21 

25 

0, 

difeovered  In 

1798 

II. 

- « X7 

I 

i9» 

difeovered  in 

1787 

III. 

- ‘10  23 

4 

0, 

difeovered  in 

1798 

IV. 

13  II 

5 

^ f » 

difeovered  in 

i7«7 

V. 

38  1 

49 

difeovered  in 

i79« 

VI. 

- - 107  16 

40 

0, 

difeovered  in 

1798. 

• All  thefe  fatellites  w’ere  difeovered  by  Dr.  Herfchel  ; 
their  orbits  arefaid  to  be  nearly  perpendicular  to  the  ecliptic, 
and,  what  is  more  lingular,  they  perform  their  revolutions 
round  the  Georgian  planet  in  a retrograde  order,  viz.  con- 
trary to  the  order  of  the  figns. 


• According  to  F.  de  Zach’s  account  of  thisp’anot,  in  the  Memoirs  of 
the  BrufTel’s  Academy,  1785,  there  was  then  in  the  library  of  the  Prince 
ef  Orange,  four  obfervatiens  of  this  planet  confidered  as  aftar,  in  a cata- 
logue ot  obfervations  written  by  Tycho  Brahe  i but,  as  Tycho  was  not 
acquainted  with  the  ufe  of  telefcopes,  fome  writers  contend  that  he  could 
•ot  fee  it ; while  others  maintain  tliat,  as  he  has  marked  ftars  which  are 
not  greater  than  this  planet,  he  might  certainly  have  fesn  it. 
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Chapter  II. 

On  the  Nature  of  Comets  ; the  Elongations,  Stationary  and 
Retrograde  Appearances  of  the  Planets;  of  the  Fixed  Stars; 
and  the  Eclipfes  of  the  Sun  and  Moon. 

1.  On  Comets. 

Though  the  primary  planets  already  defcribed,  and 
their  fatellites,  are  confidered  as  the  whole  of  the 
regular  bodies  which  form  the  folar  fyltem,  yet  that  fyf- 
tem  is  fometimes  vifited  by  other  bodies,  called  comets, 
which  are  fuppofed  to  move  round  the  fun  in  elliptical 
orbits  Tlieie  :orbits  are  fuppofed  to  have  the  fun  in  one 
foci,  like  the  planets  ; and  to  be  fo  very  eccentric,  that  the 
comet  becomes  invifible  when  in  that  part  of  its  orbit  which 
is  the  farthcft  from  the  fun.  It  is  extremely  difficult  to  de- 
termine the  elliptic  orbit  of  a comet,  with  any  degree  of  ac- 
curacy, by  calculatiQn  ; for,  if  the  orbit  be  very'  eccentric, 
a fmall  error  in  the  obfer\’ation  will  change  the  computed 
orbit  into  a parabola  or  hyperbola  ; and  from  the  thicknefs 
and  inequality  of  the  atmofphere  with  which  a comet  is  fur- 
rounded,  telefcopic  obfervations  on  them  are  always  liable 
to  error.  Hence  the  theory  of  the  orbits,  motions,  &c.  of 
comets,  is  very  imperfeA  ; and  though  many  volumes 
have  been  written  on  the  fubjedt  *,  they  are  chiefly  founded: 
«n  conjedlure.  The  unexpedfed  appearance  of  the  comet 
in  1 807  fully  confirms  this  aflertion,  and  will  doubtlefs  give 
rife  to  a variety  of  new  calculations,  and  new  hypothefes, 
which  like  former  ones,  for  want  of  fufficient  data,  will 
difappoint  the  expedlations  of  fucceeding  aftronomers. 
The  comets,  Sir  Ifaac  Newton  t obferves,  are  com- 
padi,  folid,  and  durable  bodies,  or  a kind  of  pla- 

* The  lateft  writmgs  on  theTuhjeft  of  comets  are  M.Pingre’s  Come- 
tographie,  in  1 vols.  4to,  and  fir  Henry  Englefield’s  work,  entitled,  “ On 
the  Determination  of  the  Orbits  of  Comets.”  A well  '.vritten  article  on 
Comets  mjy  be  feen  in  Dr.  Rees  Nnv  Cytlopedia,  together  with  the  ele- 
ments of  ninety-feven  of  them,  and  the  names  of  the  authors  who  have 
cakul:  ted  their  orbits. 

t Afany  interelling  particulars  refpefting  the  nature  of  comets,  &c. 
may  be  learned  by  to  the  latter  end  of  the  third  book  of  New- 

ton’s PrincuMa, 
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nets  which  move  in  very  .oblique  and  eccentric  orbits  every 
way  with  the  greatefl;  freedom,  and  preferve  their  motions 
for  an  exceeding  long  time,  even  where  contrary  to  the 
courfe  of  the  planets.  Their  tail  is  a very  thin  and  flendcr 
vapour,^emitted  by  the  head  or  nucleus  of  the  comet,  ignited 
or  heated  by  the  fun. 

t 

II.  Of  THE  Elongations,  &c.  of  the 'interior 
Planets. 

» • • 

Let  T,  Er  <?>  (Plate -IV.. Fig.  8.)  rejprefent  the  orbit 
of  theeartli  ; a,  w,  ‘u,  pe,  Jy  g,  Z>,  the  b^it.of  an  interior 
planet,  as  Mercury  or  Venus,  and,S  .the  fun.  .. 

Let  T reprefent  the.earth,  S the  fun,  and  a.'.Vepusat  the 
time  of  her  inferior  conjunilion  ; at. this  time,  ihe.  will  dif- 
appear  like  the  new  moon,  becajufe  iier  darjc,  fide  will  be 
•' fumed  -towards,  the  earth.  , While  Venus,  moves  from  a to- 
wards cu  file  appears  .to  the  we^ward  of  the  fun,  and  be- 
, . comes  gradually  more  and  more  enlightened  (having  all  the 
different  phafps  of.the.  moon).  When  ihe  arrives  at  v,  her 
"greate(l  .elongation,  fhe  appears  half  enlightened,  like  the 
rnoon  -in  her  firfl  qiia.rter,  at  this  time  flip,  Ihines.very  bright. 
From  her  inferior  t,o  her  fuperjor  cojijunftion,  vi  a,  from  her 
fituation  in  that  part.qf  her  orbit  whiqh  is  dirc6fly  between 
the  earth  and.  .the  fuq  ,as  at  to  her  fituation  in  that  part  of 
her  orbit.  in~wi)ich  the  fun.  is  between  her  and  the  earth  ; 
file  rifes  before  the.  fun  in  the  niQrqiug,  and  is  galled  a morn- 
Jngllar.  From  herfuperior  to  her.  mferipr,  g.9ujun£lion  flip 
fliines  in  the  evening,  after  tiie  fun  fets,  and  is  then  called 
an  evening  liar. 

From  tlic  greatefl;  elongation  of  Venus  when  weftward  of 
tlie  fun  as  at  ■»,  to  her  grc.atell  elongation  when  eaftward 
of  the  fun,  as  at  flie  wiil  appear  to  go  forward  in  her 
orbit,  and  deferfoe  the'arcli  VWFIG'  aniongll  the  fixed 
liars  ; but  from  ^ to  i;  fhc  will  appeay  retrograde  *,  or  re-  ' 
turn  to  die  point  V in  thp  heavens  iig.  the  order  GHWV. 
•For  when  Venus  is  at die  will  be  fecn  amoiigd  the  fixed 
ftnrs  at  H,  and  when  at  j flie  will  appear  at  G : when  flie 


■ ' ♦ 'fhe  ttationary  and  retrograde  appearances  of  the  inferior  planets, 
are  iiotttly.iHiiltrated  by  a fmall  orrery,  made aud fold  by  Mcllrs.  Wm.  and 
S.  Joiiesj  Mo-  3°)  Holboru. 


arrives 


OI^  TH8  fUANiTS*  * 


Chap.ll 


*57 


arrives  at  h flic  will  again  appear  at  H in  the  heavens. 
Hence  in  a coniiderable  part  of  her  orbit  between  f ami  hj 
and  between  w and  x,  flie  will  appear  nearly  in  the  fame 
point  amongll  the  fixed  liars,  and  at  thefe  times  is  faid  to  be 
llationary. 

When  a planet  appears  to  move  from  the  neighbourhood 
of  any  fixed  liars,  towards  others  which  lie  to  the  eailward, 
its  motion  is  faid  to  be  direU  ; when  it  proceeds  towards  the 
flars  which  lie  to  the  well,  its  motion  is  retrograde  ; and 
when  it  feems  not  to  alter  its  pofition  amongll  the  fixed  liars, 
it  is  laid  to  be  llationary. 

If  the  earth  Hood  Hill  at  T,  the  planet  Venus  would  feeni 
to  make  equal  vibrations  from  the  fun 'each  way,  forming 
the  equal  angles  g TS  and  <d  TS,  each  47'“- 48',  her  greatell 
elongation,  and  the  ftatiouary  points  would  always  be  in  the 
fame  place  in  the  heavens  ; but  iy  mull  be  remembered 
that,  while  Venus  is  proceeding  in  her  orbit  from  a,  towards 
X,  the  earth  is  going  fonvard  from  T towards  E ; jhence 
the  llationary  points,  and  places  "of  cdhjunclion  and  oppo- 
fition,  vary  in  every  re-.K)lution. 

What  has  been  obferved  with  refpe£l  to  Venusj.may  be 
applied  with  a little  variation  to  Mercury. 

III.  Of  the  stationary  and  retrogr'ade  Ap- 
pearances OF  THE  EXTERIOR  PLANtTS^ 

Becaufe  the  earth’s  orbit^  is  contained  within  tlic  orbit  of 
Mars,  Jupiter,  See.  they  are  feeu  in  all-fidcs  gf  the  heavens, 
and  arc  as  often  in  pppolition  to  the  fun  4s  in  conjundlioa 
with  him.  Let  the  circle  in  wdiich  T is  fituated  (Plate  IV. 
I'ig.  8.)  repiofent  the  orbit  of  the  earth,  and  that  in  which 
Mis  fituated  tlie  orbit  of  Mars.  Now,  if  the  earth  be  at  T 
when  Mars  is  at  M,  Mars  and  the  fun  will  be  in  conjunc- 
tion, but  if  the  earth  be  at  / when  Mars  is  at  M,  they  will 
be  in  oppjfition,  vi/..  the  fun  will  appear  in  the  call  when 
Mars  IS  in  the  w'elt.  If  the  earth  Hood  Hill  at  T,.  the  mof 
;ti  jn  of  the  planet  Mars  would  always-appcar  dire^  ; buttfif 
motion  of  the  earth  beings  more  rapid  than  jliat  ,of  Mais, 
he  will  be  overtaken  and  palled"  by  the  earth.  Hence 
Mars  will  have  two  Hationary  and  one  retrograde  appear- 
ance. Suppofe  the  earth  to  be  at  E vyhen  Mars  is  at  M, 
he  will  be  feen  in  the  heavens  among  tlte  fixed  Hars  at  fi  ; 
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and  for  fome  time  before  the  earth  has  arrived  at  E,  and 
after  it  has  pafTcd  E,  he  will  appear  nearly  in  the  lame 
point  TO,  viz.  he  will  be  flationary.  While  the  earth  moves 
through  the  part  E / e of  its  orbit,  if  Mars  flood  llill  at  M, 
he  would  appear  to  move  in  a retrograde  direction  through 
the  arch  to  P r //,  in  the  heavens,  and  would  again  be  ila- 
tionary  at  n \ but  if,  during  the  time  the  earth  moves  from 
E toe,  Mars  moves  from  M to  O,  the  arch  of  retrograda- 
tion  would  be  nearly  to  P r. 

The  fame  manner  of  reafoning  may  be  applied  to  Jupiter 
and  all  the  fuperior  planets. 

IV.  Of  the  fixed  Stars. 

The  divifion  of  the  ftars  into  conftellatious,  the  marks 
by  which  they  are  diflinguifhed,  &c.  have  already  been 
given  among  the  Definitions,  from  page  23  to  36. 

I . 'Ihe  Motion  of  the  fixed  Stars. — ^All  the  fixed  liars  ex- 
cept the  polar  liar,  appear  to  have  a diurnal  motion  from 
call  to  well ; this  arifes  from  the  diunial  motion  of  the  earth 
on  its  axis  from  well  to  call.  The  fixed  liars  have  alfo  a 
fmall  apparent  motion  about  their  real  places,  ariling  from 
the  velocity  of  the  earth  in  its  orbit  combined  with  the  mo- 
tion of  light.  This  motion  is  called  the  aberration  of  the 
fixed  liars,  and  was  difeovered  by  Dr.  Bradley.  They 
vary  in  their  fituations  by  the  precellion  of  the  equinoxes  ; 
hence  their  longitudes,  &c.  vary  confiderably  in  a feries  of 
years,  which  renders  it  necelTary  to  have  new  plates  * en- 
graven for  our  celellial  globes  at  leall  once  in  about  fifty 
years. 

Dr.  Mafkelyne  obferves  that  many,  if  not  all  the  fixed 
ftars,  have  fmall  motions  among  themfelves,  which  are 
called  their  proper  motions  ; the  caufe  and  laws  of  which  are 
hid,  for  the  prefent,  in  almoft  equal  obfeurity.  By  compa- 
ring his  obfervations  with  others,  he  found  the  annual 
proper  motion  of  the  following  ftars,  in  right  afcenlion, 
to  be,  of  Sirius, — o''.63  ; of  Cafior, — 0''-  28  ; of  Procyon*, 
— o"  .8  ; ol  Pollux,— -0" . 93  ; of  Regulus, — c”.  41  ; 

• Before  the  publication  of  Cary’s  Globes  and  Bardin’s  New  Britifh 
Globes,  there  had  been  no  new  plates  erigraven  fince  the  time  of  Seiiex. 

y E-xplanation  of  the  tables,  vol.  i.  of  his  Oi/ervuthns, 
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Ar^uruS',-^  l"  . 4 ; of  a.  A qn'il a + o''.  57  ; and  Sirius  in- 
creafed  iu  north  polar  diftance  + i".  20,  Arflurus  + 2*  .01. 

2.  Of  the  Magnitudes y Dijlance,  Number,  and  Appearance 
of  the  fixed  Stars. — T'he  magnitudes  of  the  hxed  Itars  will 
probably  for  ever  remain  unknown  ; all  that  we  can  havo 
any  reafon  to  expect,  is  a mere  approximation  founded  on 
conjecture.  From  a comparifon  of  the  light  afforded  by  a 
fixed  ftar,  and  that  of  the  fun,  it  has  been  eoucluded  that 
the  magnitudes  of  the  liars  do  not  difft  r materially  from  that 
of  the  iun.  The  different  apparent  magnitudes  of  the  flara 
is  fuppofed  to  arife  from  their  different  dillances  ; for  the 
young  altronomer  mull  not  imagine  that  all  the  fixed  ftars 
are  placed  in  a concave  hemilphere,  as  they  appear  in  the 
heavens,  or  on  a convex  furface,  as  they  are  reprefented  on 
a celeflial  globe. 

From  a feries  of  accurate  obfervations  by  Dr.  Bradley  on 
y Draconis,  he  inferred  that  its  annual  parallax  did  not 
amount  to  a fingle  fecond  ; that  is,  tlic  diameter  of  the 
earth’s  annual  orbit,  which  is  not  lefs  than  190  millions  of 
miles,  would  not  form  an  angle  at  this  ftar  of  one  fecond 
in  magnitude  ; or,  that  it  appeared  in  the  fame  point  of  the 
heavens  during  the  earth’s  annual  courfe  round  the  fun. 

The  fame  author  calculates  the  diftance  of  y Draconis 
from  the  earth  to  be  400,000  times  that  of  the  fun,  or 
38,000,000,000,000  miles  ; and  the  diftance  of  the  nearejl 
fixed  ftar  from  the  earth  to  be  40,000  times  the  diameter  of 
the  earth’s  orbit,  or  7,600,000,000,000  miles.  Thefe  dif- 
tances  are  fo  immenfely  great,  that  it  is  impoffible  for 
the  fixed  ftars  to  fhine  by  the  light  of  the  fun  refle(fted  from 
their  furfaces  ; they  mull  therefore  he  of  the  fame  nature 
with  the  fun,  and  like  him  fhine  by  their  own  light. 

The  number  of  the  fixed  ftars  is  almoft  infinite,  though 
the  number  which  may  be  feen  by  the  naked  eye  in  the 
whole  heavens  does  not  exceed,  and  perhaps  falls  lliort  of 
3000  *,  comprehending  all  the  ftars  from  the  firft  to  the 
fixth  magnitude  inclulive  ; but  a good  telefcope,  direCted 


• By  adding  up  the  numbers  of  ftars  in  the  third  column  of  the  Eritifh 
Catalogue  given  at  pages  24,  25,  26,  and  27,  the  fum  will  be  found  to 
be  344a.  , . 
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almoft  indifferently  to  &nj  point  in  the  heav(?h6;  difcovcrs 
multitudes  of  ftars  iuviilble  to  the  naked  eye.  That‘'bright 
irregular  zone,  .the  milky  way, 'has  Jjeen  very  CtU-eFully- ex- 
amined by  Dr.  Herfehel ; who  has,  in  the  fpace'  'of  a quar- 
ter of  an  hour,  feen  i lOooo  * ftars  pafs  through  the  field  of 
view  of  a telefcope  of  only  15'  aperture. 

The  fixed  ftars  are  the  only  marks  by  which  aftronomers 
are  enabled  to 'judge;  of  the  courfe  of  the  mtiveablc  ones, 
becaufe.  they  do  not  vary  their  relative  fituations.  Thus  in 
contcmplatiug  any  number  of  fixed  ftars,  which  to  our  view 
form  a triangle,  a four-fided  figure,  or  any  other,  we  fliall 
find  that  tliey  always  retain  tire  fame  relative  fituation,  and 
that  they  have  had  the  fame  fituation  for  fome  thoufands  of 
years,  viz.  from  the  earlicft  records  of  authentic  hiftory. 
But  as  there  are  few  general  rules  without  fome  exceptions, 
fo  this  general  inference  is  likewife  fubjeft  to  reftriefions. 
Several  ftars,  whofe  fituations  were  formerly  marked  with, 
precifipn,  are  no  longer  to  be  found  ; new  ones  have  alfo 
been  difeovered,  wliich  were  unknov/n  to  the  ancients  ; 
while  numbers  feem  gradually  to  vanifti,  and  others  appear 
to  ha.;ve  a periodical  increafe  and  decre.afe  of  magnitude.. 
Dr.  .Herfchel,  in  the  Philofophical  Tranfaddions  for  1783, 
bas  given  a large  colledlion  of  ftars  which  were  formerly 
feen,  but.  are  now  loft,  together  with  a catalogue  of  variable 
ftars,  and  of  new  ftars. 

Tlie  periodical  variation  of  Algol  or  /5  Perfal,  is -about 
two  days  21  hours  ; its  greateft  brighfnefs  is  'of  the  fecond 
leall  of,  the  fourth.  It  varies  f»>om  the 
(ecohd. magnitude  to  the  fourth  in  about  5!  hours,  and' back' 
again  in  the  fame  time,  retaining  its  greateft  briglitncfs  for  the 
remainder  of  its  period. 

, The  fi^d  ftars  do  not  appear  to  "be  all  regularly  dilTemi- 
nated,  through  the  heavens,  but  the  greater  part  of  them 
^ro  colledled  into  clufters ; and  it  requires  a large  magni- 
fying  powes-,  with  a great  quantity  of  light,  to  diftinguilh 
feparately  the  ftars  which  compofe  thefo  duftei's.  With  a. 


* VincesAftronomy— I his  vaft  multitude  of  ftars,  feen  and  num- 
hved  in  fo  ftori  a period  of  timp,  appe.ars  almofl  inerpdibU:,  as  it  would 
require  me  doftor  to  count  upwards  of  128  ftars  in  a fecoiul 
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\ fmall  magnifj'ing  power,  and^a  fmall  quantity  of  light,  they 
I only  appear  as  minute  whitHh  fpots,  like  fmail  light  cloudc, 

; and  thence  are  called  nehulx.  I)r.  H^iHcltcl  has  given  a 
I catalogue  of  2000  nduLr,  which  he  has  difeovered,  and  is 
I of  opinion  that  tlie  Harry  heavens  is  replete  with  tliefe  nvbnht. 
The  largeit  nebula  is  the  milky  way,  already  noticed-  at 

■ pagc3+.  • 

From  an  attentive  examination  of  the  liars  with  good  te* 

' lefcopes,  many  which  appcxir  lingle  to  the  naked  eye,  have 
• been  found  to  coiifilt  of  two,  threej  or  more  liars.  Dr. 
Iderfchil  by  tlte  help  of  his  improved  telefcopes  has  dif« 

■ covered  near  700  fuch  liars.  Thus  « HeratHs,  5 Lyr/e^  a 
Ceminorum,  y ylndromceba^  jji.  JltrcnHiy  and  many  othci-s, 
are  double  liars  : y lyree,  is  a triple  liar  ; and  s Lyra,  QLyray 

1 \ Orionh,  and  | Libra,  are  quadruple  liars 

V.  0,v  Solar  and  Lunar  Eclipses. 
jin  eclipfe  of  the  fun  is  occa.Houed  by  the  dark  body  of  the 
! moon  palung  between  the  earth  and  the  fun,  or  by  the  llia- 
1 dow  of  the  moon  falling  on  the  earth  at  the  place  where  the 
obferver  is  fituated  ; hence  all  the  eclipfes  of  the  fun  happen 
at  the  time  of  new  moon.  Thus,  let  S reprefent  the  fun  (Plate 
II.  Fig.  6.),  W2  the  moon  between  the  earth  and  the  tun,  a 
i E G 3 a portion  of  Fae  eanh^s  orbit,  e and  f two  places  on 
the  furface  of  the  earth.  The  dark  part  of  the  moon’s  lhadow 
j is  called  thett»i3r«  and  the  light  pai't  penumbra  ; now  it 
i is  evident  that  if  a fpedlator  be  fituated  in  that  part  oFthe 
! earth  where  the  umbra  falls,  that  is  between  e.  and  f,  there 
will  be  a total  eclipfe  of  the  fun  at  that  place  ; at  e and  f 
In  the  penumbra  there  will  be  a partial  eclipfe  ; and  beyond 
the  penumbra  there  will  be  no  eclipfe.  As  the  earth  is  not 
always  at  the  fame  dillance  from  the  moon,  if  an  eclipfe* 
fhould  happen  when  the  earth  is  fo  far  from  the  moon  that 
the  lines  F e and  C f crofs  each  other  before  they  come  to 
the  earth,  afpedhator  fituated  on  the  earth,  in  a diredl  line 
betw'een  the  centres  of  the  fun  and  moon,  would  fee  a ring 
of  light  round  the  dark  body  of  the  moon,  called  an  an- 
nular eclipfe  ; when  this  happens  there  can  be  no  total 
eclipfe  any  where,  becaufe  the  moon’s  umbra  does  not  reach 


* Vince’s  Aftronotny,  diap.  xxiv. 
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the  earth.  People  fituated  in  the  penumbra  will  perceive  a 
partial  eclipfe. 

According  to  M.  de  Sejour,  an  eclipfe  can  never  be  an- 
nular longer  than  12  min.  24  fee.,  nor  total  longer  than  7 
min.  58  fee.  The  duration  of  an  eclipfe  of  the  lun  can  ne- 
ver exceed  two  hours 

As  the  fun  is  not  deprived  of  any  part  of  his  light  during 
a folar  eclipfe,  and  the  moon’s  rtiadow,  in  its  paflage  over 
the  earth  from  weft  to  eaft,  only  covers  a fmall  part  of  the 
earth’s  enlightened  hemifpherc  at  once,  it  is  evident  that  an 
eclipfe  of  the  fun  may  be  mvifible  to  fome  of  the  inhabitants 
of  the  earth’s  enlightened  hemifphere,  and  a partial  or  total 
eclipfe  may  be  feen  by  others  at  the  fame  moment  of  time. 

Jin  eclipfe  op'  the  moon  is  caufed  by  her  entering  the  earth’s 
fliadow,  and  coufequently  it  muft  happen  when  ftie  is  in 
oppofition  to  the  fun,  that  is  at  the  tinie  of  full  moon,  when 
the  earth  is  between  the  fun  and  the  moon.  Let  S reprefent 
the  fun  (Plate  II.  Fig.  6.),  EG  the  earth,  and  m the  moon 
ir»  the  earth’s  umbra,  having  the  earth  between  her  and  the 
fun  j DEP  and  HGP  the  penumbra.  Now,  the  nearer 
any  part  of  tl.e  penumbra  is  to  the  umbra,  the  lefs  light  it 
receives  from  the  fun,  as  is  evident  from  the  figure  ; and, 
as  the  moon  enters  the  penumbra  before  Ihe  enters  the 
umbra,  ftie  gradually  lofes  her  light  and  appears  lefs 
brilliant. 

The  duration  of  an  eclipfe  of  the  moon,  from  her  firft 
touching  the  earth’s  penumbra  to  her  leaving  it,  cannot 
exceed  5I  hours.  The  moon  cannot  continue  in  the  earth’s 
umbra  longer  than  3 1 hours  in  any  eclipfe,  neither  can  die 
be  totally  eclipfed  fora  longer  period  than  i J hour  f.  As 
the  moon  is  aftually  deprived  of  her  light  during  an  eclipfe, 
every  inhabitant  upon  the  face  of  the  earth  who  can  fee  the 
moon  will  fee  the  eclipfe. 

General  Observations  on  Eclipses. 

If  the  orbit  oftheearth  and  that  of  the  moon  were  both  in 
the  fame  plane,  there  would  be  an  eclipfe  of  the  fun  at  every 
pew  moon,  and  an  eclipfe  of  the  moon  at  everyfull  moon.  But 


• Emerfon’s  Aftronpmy,  Soft.  7.  page  347.  ■)•  Ib.  page  339. 
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the  orbit  of  the  moon  makes  an  angle  of  about  5^  degrees 
^ with  the  plane  of  the  orbit  of  the  earth,  and  croffes  it  in  two 
a points  called  the  nodes  ; now,  aftronomers  have  calculated 
I that,  if  the  moon  be  iefs  than  17®  21'  from  either  node,  at 

• the  time  of  new  moon,  the  fun  may  bo  eclipfed  ; or  if  Icfs 
I than  II®  34'  from  either  node,  at  the  full  moon,  the  moon 
I may  be  eclipfed  ; at  all  other  times  there  can  be  no  eclipfe, 

* for  the  lhadow  of  the  moon  will  fall  either  above  or  below 
[ the  earth  at  the  time  of  new  moon  ; and  the  lhadow  of  the 
J earth  will  fall  either  above  or  below  the  moon  at  the  time 
< of  full  moon.  To  illuftrate  this,  fuppofe  the  right  hand 
( part  of  the  moon’s  orbit  (Plate  II.  Fig.  6.)  to  be  elevated 

above  the  plane  of  the  paper,  or  earth’s  orbit,  it  is  evident 
Ij  that  the  earth’s  lliadow,  at  full  moon,  would  fall  below  the 
(1  moon  ; the  left  hand  part  of  the  moon’s  orbit  at  the  fame 
ij  time  would  be  deprelTed  below  the  plane  of  the  paper,  and 
' the  lliadow  of  the  moon,  at  the  time  of  new  moon,  would 
fall  below  the  earth.  In  this  cafe,  the  moon’s  nodes  would 
q be  between  E and  a,  and  between  G,  and  i,  and  there 
w*  would  be  no  eclipfe,  either  at  the  full  or  new  moon  i but,  if 
1 the  part  of  the  moon’s  orbit  between  G and  b be  elevated 
c above  the  plane  of  the  paper,  or  earth’s  orbit  ; the  part  be- 
i tween  E and  a will  be  deprelTed,  the  line  of  the  moon’s 
t«  nodes  will  then  pafs  through  the  centre  of  the  earth  and 
1 that  of  the  moon,  and  an  eclipfe  will  enfue  *.  An  eclipfe  of 

!the  fun  begins  on  the  weftern  fide  of  his  dife,  and  ends  on 
the  eallern  ; and  an  eclipfe  of  the  moon  begins  on  theealt* 
ern  fide  of  her  dife,  and  ends  on  the  weftern. 

j Number  of  Eclipses  in  a Year. 

The  average  number  of  eclipfes  in  a year  is  four,  two  of 
f the  fnu  and  two  of  the  moon  ; and,  as  the  fun  and  moon 
? are  as  long  below  the  horizon  of  any  particular  place  Tis,  they 
a are  above  it,  the  average  number  of  vifible  eclipfes  in  a 

' year  is  two,  one  of  the  fun  and  one  of  the  moon  ; the  lunar 

1 eclipfe  frequently  happens  a fortnight  after  the  folar  one,  or 
I the  folar  one  a fortnight  after  the  lunar  one. 

* It'  you  draw  tlie  tigure  on  card  paper,  and  cut  oitt  the  moon,  her 

! lliadow  and  orbit,  fo  as  to  turn  on  the  line  aYAii,  kc.  the  above  illut* 

Uation  will  be  rendered  more  familiar. 
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The  mojl  general  number  of  eclipfes,  in- any  year,  is  four  i 
there  are fometimes  fix  eclipfes  in  a year , but  there  cannot  be 
more  than  feven,  nor  fenver  than  I’wo. 

The  reafon  will  appear,  by  confidering  that  the  fun  can- 
not pafs  lx)th  the  nodes  of  the  moon’s  orbit  more  than  o?ice 
a year,  making  four  eclipfes,  except  Ive  pafs  one  of  them 
■in  the  beginning  of  the  year;  in  this  cafe  He  may  pais  the 
fame  node  again  a little  before  the  end  of  the  year,  bccanfe 
he  is  about  173*  days  in  palfing  from  one  node  to  the 
other  ; therefore  he  may  return  to  t'le  fame  node  in  about 
346  days,  which  is  lefs  than  a year,  making  fix  eclipfes. 
As  twelve  lunations  -f-,  or  354  days  from  the  oclipfc  in  the 
beginning  of  the  year  may  produce  a new  moon  before  the 
year  is  ended,  wliich  (on  account  of  the  retrograde  motion 
of  tlie  moon’s  nodes)  may  fall  within  the  iolar  limit,  it  is 
pofiible  for  feven  ecliples  to  hapjren  in  a year,  five  of  the  fun 
and  two  of  the  moon.  When  the  moon  changes  in  eithtur 
node,  fhe  cannot  be  near  enough  to  the  other  node  at  the 
time  of  the  next  full  moon  to  be  eclipfed,  and  in  fix  lunar 
months  afterwards,  or  about  177  days,  fhe  will  change 
near  the  other  node  ; in  this  cafe  there  cannot  be  more  than 
two  eclipf  * in  a year,  and  both  of  the  fun.  • 

The  ecliptic  limits  of  the  fun  are  greater  than  thofe  of 
the  moon,  and  hence  there  will  be  more  folar  than  lunar 
eclipfes,  in  the  ratio  of  17  21  to  ii'’34',  or  r early 
<of  3 to  2 ; but  more  lunar  than  folar  eclipfes  are  feen  at 
any  given  place,  becaufe  a lunar  eclipfe  is  vifible  to  a whole 
hemifphere  at  once  ; whereas,  a folar  eclipfe  is  vifible  only 
to  a part,  as  has  been  obfeiwed  before,  and  therefore  there 
is  a great(ir  probability  of  feeing  a lunar  than  a folar  eclipfe. 


The  moon’s  nodes  have  a retrograde  motion  of  about  19^  degrees  in 
a year  (fee  page  135)  ; therefore  the  fun  will  have  to  move  (188" — .... 

— ...  1 

r:i)  1.70I  degrees  from  one  node  to  the  other  But  it  has  been  fliewii 
in  a preceding  note  (fee  piage  14),  that  the  fun’s  apipareiu  diurnal  motion  k 
about  39' in  a day  ; hence  59'  : l d.iy  : : 170  3 ® : 173  days 

f That  is,  1 2 times  29  days  12  hours  44  min.  3 fee.,  or  354  days  8 
hours  48  min.  36  icc.^ 
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CONTAINING 

Problems  performed  by  the  Terrejlrial  and  Cclejlial  Cloiet. 
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Problems  performed  by  the  Terrejlrial  (Slebe,  :t  . ' 


Problem  I.  . ’ ' 

To  fndthe  Latitude  of  any  given  Place.-'  t;  it. 

Rule.  Bring  the  giren  place  to  that' p^irt  'the'brafs 
meridian  which  is  numbered  Jrom  tl^e  towards 

the  poles  y the  degree  above  the  pl^  is**'th‘6^^at{tu^.  • If 
the  place  be  on  the  north  fide  of  the  equator/  tHe‘l)ftitude 
is  north  ; if  it  be  on  the  foutlt  irde  the;l^itude  jsjfouth 
On  fmall  globes  the  latitude  of  • found  dian  to 

about  a quarter  of  a degree'.  Each  degree  of  _tne*‘bra4s  ifterit^an  on  th« 
largcli  globes  is  generally .di/ided  into.three  cqual.part^reacH  yart  qpntiin- 
ing  twenty  geograpliical  inilei ; on  fi^i  globes  th^  latitude  may  be-  found 
to  lo'.  ‘ 

Examples.  What-is  the  latitude  of'Edinbuigh  ? 

Anfu-er.  j6*'  nuith 

2.  Required  the  latitudes  of  the  folio  vtdng  places  i 


Ainlterdam 

Archangel. 

Bctrccloiia 

Batavia 

BeaiQOoien' 

Berlin 

Cadiz 

Canton 

Dantzic 

Drontheim 


Florence 
Gibraltar 
Hamburgh, 
lipahan 
Eaufaune 
Lilbou  , 
•Madras 
Madrid 
Naples 


Philadelphia 
Quebec 
Rio  Janeiro 
StocklKilm 
1 urm 
Vienna 
War  fa  w 
W afhington 
Wilna 
York 
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3.  Find  all  the  places  on  the  globe  which  have  no  lati- 
tude. 

. 4.  What  is  the  greateft.  latitude  a place  can  have  ? 

Problem  II. 

To  Jin  Jail  thofe  places  ruhich  have  the  fame  latitude  as  any 

given  pklce. 

Rule.  Bring  the  given  place  to  that  part  of  the  brafs 
meridian  which  is  numbered  from  the  equator  towards  the 
poles,  and  obferve  its  latitude  ; turn  the  globe  round,  and 
all  places  pafling  under  the  obferved  latitude  are  thofe  re- 
quired. 

All  phccs  in  the  faiwe  latitude  have  the  fame  length  of  day  and  night 
and  the  fame  fealbns  of  the  year,  though,  from  local  circunillances,  they 
mav  not  have  the  fame  atmofpherical  temperature.  See  the  note  page  17. 

Examples.  1.  What  places  have  the  fame,  or  nearly 
the  lame  latitude  as  Madrid  ? 

’ Anfwtr.  Minorca,  Naples,  Conftantinople,  Samarcand,  Philadelphia, 

See. 

a.  What  inhabitants  of  the  earth  have  the  fame  length  of 
days  as  the  inhabitants  of  Edinburgh  ? 

3.  What  places  have  nearly  the  lame  latitude  as  London  ? 

4.  What  inhabitants  of  the  earth  have  the  fame  fcafons 
•f  the  year  as  thofe  of  Ifpahan  ? 

5.  Find  ail  places  of  the  earth  which  have  the  longeft 
day  the  fame  length  as  at  Port  Royal  in  Jamaica  ? 

Problem  III. 

To  find  the  longitude  of  any  place. 

Rule.  Bring  the  given  place  to  the  brafs  meridian,  the 
number  of  degrees  on  the  equator,  reckoning  from  the  me- 
ridian pafling  through  I.ondon  to  the  brafs  meridian,  is  the 
longitude.  If  the  place  lie  to  the  right  hand  of  the  meri- 
dian palling  through  London,  the  longitude  is  eall ; if  to 
the  left  hand,  the  longitude  is  weft. 

On  Adams’  globes  there  are  two  rows  of  figures  above  the  equator. 
When  the  place  lies  to  the  right  hand  of  the  meridian  of  l.ondon,  the  lon- 
ptude  mull  be  counted  on  the  upper  line  ; when  it  lies  to  the  left  hand, 
it  mull  be  counted  on  the  lower  line.  Bardin’s  New  Britilh  Globes  have 
alfo  two  rows  of  figures  above  the  equator,  but  the  lower  line  is  always  ufed 
in  reckoning  the  longitude. 
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Examples.  1.  What  is  the lougitude  of  Peterfburg  ? 

AnftLtr.  30^°  eaft. 

2.  W hat  is  the  longitude  of  Philadelphia  ? 

Anfiver.,  75  X^weft. 

3.  Required  the  longitudes  of  the  following  places: 

Aberdeen  Civita  Vecchia  Lifbon 

Alexandria  Conftantinbple  Madras 

Barbadoes  Copenhagen  Mafulipatam 

Bombay  Drontheim  Mecca 

Botany  Bay  Ephefus  Nankin 

Canton  Gibraltar  Palermo 

Carlfcrona  Leghorn  Pondicherry 

Cayenne  Liverpool  Queda 

4.  What  is  the  greateu  longitnde  a place  <an  have  i 

Problem  IV. 


'0  find  all  thofe  placet  that  have  the  fame  longitude  as  a given 

place. 

Role.  Bring  the  given  place  to  the  brafs  meridian,  then 
1 places  under  the  fame  edge  of  the  meridian  from  pole  to 
ole  have  the  fame  longitude. 

All  people  lituated  under  the  fame  meridian  from  66“  xV  north  lati- 
de  to  66°  28*  tooth  latitude,  have  noOn  at  the  fame  time  : or,  if  it 
' one,  two,  three,  -or  any  number  of  heurs  before  or  after  noon  with 
le  particular  j>lace,  it  will  be  the  fame  hour  wkh  every  other  place  lituated 

1. fer  the  fame  meridian. 

Examples,  i.  What  places  have  the  fame,  or  nearly 
le  fame  longitude  as  Stockholm  ? 

Anfivtr.  'Daiifzic,  Prelburg,  ' I'arento,  the  cape  of  Good  Hope,  Sec. 

2.  Wliat  places  have  the  fame  longitude  as  Alexandria  ? 

3.  When  it  is  ten  o’clock  in  the  evening  at  London, 
lat  inhabitants  of  the  earth  have  the  fame  hour  ? 

4.  What  inhabitants  of  the  earth  have  midnight  when  the 
labitants  of  Jamaica  have  midnight  ? 

5.  What  Places  of  the  earth  have  the  fame  longitude  as 
e following  places  ? 

ondon  Quebec  The  Sandwich  iflands 

;kin  Dublin.  Pdew  Iflands 
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Problem  V. 


Partin. 


To  find  the  latitvde  and  longitude  of  anyplace. 


Rule.  Bring  the  given  place  to  that  part  of  the*  brafi 
meridian  which  is  numbei'ed  from  the  equator  towards  the 
poles  ; the  degree  above  the  place  is  the  latitude,  aud  the  • 
degree  oh  the  equator,  cut  by  the  braCs  meridian,  is  the  ? 
longitude. 

i his  problerrt  is  Oply  an  exerc’ife  of  xhc  firj}  and  third.  . 

Examples.  1.  What  are  the  latitude  and  longitude  of 
Peterft)urg  ? * ' ^ i 

Anf-wer.  Latitude' 6o°  N.  longitude  30^®,  E.».  . , . 

2 . Required  the  latitudes  and-lougijtudes  of  th6  following  j 
places ; . • . . r,'' 

Acapulco  Cufco. - , Leitlj, 

Aleppo*  > Copenhagen  ..Jyizard 
Algiers  t)urazzo  Lubec 

Archaiigel  Elllnote  Malacca 

Belfall  Flufhing  Manilla 

. - • • Bergen  Cape  Guardafui  Medina 

Buenos  Ajtcs  Hamburgh  Mexico 


Calcutta 
* Candy  ‘ 
Corinth 


Jeddo 
Jaffa 
Ivica 


Mocha 

^.Mofcow 

.Opoito 


Probl  EM  VI. 


Te  fnd  any.  place  on  the  globe  having  the  latitude  md  longbt 
tude  of  that  place  given.  ' . •. 


Rule.  Find  the  longitude  of  the  given  place  on  thc( 
equator,  and  bring  it  to  that  part  of  the  brafs  meridian  whieh 
is-  numbered  from  the  equator  towards  the  poles  ; then  undo- 
the  given  latitude,  on  the  brafs  meridian,  you  will  find  the 
place  required. 

Examples,  i . What  place  has  15 r eaft,  longitudes 
and  34*’  fouth  latitude. 

Atiftoer.  Bot'my  B.iy« 

2.  What  places  have  the  following  latitudes  aud  longi-i 


tuduisf 


50J 


I) 


K 


Si 


C, 
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Latitudes. 

Longitudes. 

I.atitudcs. 

50" 

6'  N. 

5* 

54' w. 

19° 

26'  N. 

48 

12  N. 

16 

16  E. 

59 

^6N. 

55 

58  N. 

3 

12  w. 

0 

13  S. 

52 

22  N. 

4 

51  E. 

46, 

31 

13  N. 

29 

55  E. 

59' 

21  N. 

64 

34  N. 

38 

58  E. 

8 

32  N. 

34 

29  S. 

18 

23  E. 

5 

9 S. 

3 

49  S. 

, 102 

10  E. 

22 

54  ^5. 

34 

35  S.  ’ 

58 

31  W. 

36 

5N. 

32 

25  N. 

52 

50  E. 

32 

38  N, 

Problem  VII. 
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Longitudes. 

100®  6'  W. 
30  19  E. 

77  55  W. 
69  53  W. 
18  4 E. 
81  II  E* 

1 19  49  E. 
42  44  W. 

5 22  W. 
17  6W. 


To difference  of  latitude  bettveen  any  tivo places.  • 

Rule.  Bring  one  of  the  places  to  that  half  of  the  brafs 
meridian  which  is ’numbered  from  the  equator  towards  the 
poles,  and  mark  the  degree  above  it  ; then  bring  the  other 
place  to  the  meridian,  and  the  number  of  degrees  between 
it  and  the  above  mark  will  be  the  difference  of  latitude. 

Or,  Find  the  latitudes  of  both  the  places  (by  Prob.  I.) 
Then,  if  the  latitudes  be  both  north  or  both  fouth,  fubtradt 
the,  lefs  latitude  from  the  greater,  and  the  remainder  will  -be 
the  difference  of  latitude  ; but,  if  the  latitudes  be  one  north 
and  the  other  fouth,  add  them  together,  and  their  fum  will 
be  the  difference  of  latitude. 

Examples,  i.  What  is  the  difference  of  latitude  be- 
tween Philadelphia  and  Peterfburg  ? 


Anfzoer.  20  degrees. 

2.  What  is  the  difference 
and  Buenos  Ayres  ? 

Anfiuer.  75  degrees. 

3.  Required  the  difference 
lowing  places  ? 

London  and  Rome. 

Delhi  and  Cape  Comorin. 
Vera  Cruz  and  Cape  Horn. 
Mexico  and  Botany  Bay. 
Aftracan  and  Bombay. 

St.  Helena  and  Manilla. 
Copenhagen  andToulon, 

Brell  and  Invernefs. 

Cadiz  and  Sierra  Leone. 


of  latitude  between  Madrid 


of  latitude  between  the  fol- 

Alexandria  and  the  Cape  of 
Good  Hope. 

Pekin  and  Lima. 

St.  Salvador  and  Surinam. 
iWafhington  and  Quebec. 
'Porto  Bello  and  the  Straits 
! of  Magellan. 
iTrinidad  I.  and  Trincomale. 
Bencoolen  and  Calcutta. 

4.  What 
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4,  What  two  places  on  the  globe  have  the  greatell  dif- 
ference of  latitude  ? 


Problem  VIII. 


To  Jind  the  difference  oj  longitude  between  any  two  places. 


Rule.  Bring  one  of  the  given  places  to  the  brafs  meri 
dian,  and  mark  its  longitude  on  the  equator ; then  bring; 
the  other  place  to  the  brafs  meridian,  and  the  number  of 
degrees  between  its  longitude  and  the  above  mark,  counted 
on  the  equator,  the  nearefl  way  round  the  globe,  will  fhewr 
the  difference  of  longitude. 

Or,  Find  the  longitudes  of  both  the  places  (by  Prob 
III.)  then,  if  the  longitudes  be  both  eaft  or  both  weft,  fub- 
tracl  the  lefs  longitude  from  the  greater,  and  the  remainder 
will  be  the  difference  of  longitude  : but,  if  the  longitudes  be? 
one  eaft  and  the  other  weft,  add  them  together,  and  their 
fum  will  be  the  difference  of  longitude. 

When  this  fum  exceeds  180  degrees,  take  it  from  360, 
and  the  remainder  will  be  the  dift'ercnce  of  longitude. 

Examples,  i.  What  is  the  difference  of  longitude  be- 
tween Barbadoes  and  Cape  Verd  ? 


Anf’we’’.  41°  48'. 


2.  What  is  the  difference  of  longitude  between  Buenos 
Ayres  and  the  Cape  of  Good  Hope  ? 

Avfxvrr.  76®  5c/. 

3.  What  is  the  difference  of  longitude  between  Botanyi 
Bay  and  O’why’ee  ? 

Anf-jL-ir.  52'  4.5',  or  5'2|®. 

4.  Required  the  difference  of  longitude  between  the  fol-I 
lowing  places  ? 

Conftantinople  and  Batavia. 


Vera  Cruz  and  Canton. 
Bergen  and  Bombay. 

Col  umbo  and  Mexico. 

Juan  Fernandes  I.  and  Ma- 
nilla. 

Pelew  I.  and  Ifpahan. 
Bofton  in  Amer  and  Berlin. 


Bermudas  I.  and  I.  ofRhodcss 
Port  Patrick  and  Berne. 
Mount  Heckla  and  Mount; 
Vefuvius. 

Mount  iEtna  and  Teneriffe.- 
North  Cape  and  Gibraltar 


j.  What  is  the  greateft  difference  of  longitude  compre.: 
hended  between  two  places. 
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Problem  IX. 

To  find  the  difiance  between  any  two  placet. 

Rule.  The  fhorteft  diftance  between  any  two  places  01 
the  earth,  is  an  arcli  of  a great  circle  contained  between  the 
two  places.  Therefore,  lay  the  graduated  edge  of  the  qua- 
drant of  altitude  over  the  two  places,  fo  that  the  divifion 
marked  O may  be  on  one  of  the  places,  the  degrees  on  the 
quadrant  comprehended  between  the  two  places  will  give 
their  diftance  ; and  if  thefe  degrees  be  multiplied  by  60, 
the  produft  will  give  the  diftance  in  geographical  miles  ; or 
multiply  the  degrees  by  69^,  and  the  product  will  give  the 
diftance  in  Englifti  miles. 

Or,  Take  the  diftance  between  the  two  places  with  a 
pair  of  compafles,  and  apply  that  diftance  to  the  equator, 
which  will  fliew  how  many  degrees  it  contains. 

If  the  diftance  between  the  two  places  Ihould  exceed  the 
length  of  the  quadrant,  ftretch  a piece  of  thread  over  the 
two  places,  and  mark  their  diftance  ; the  extent  of  thread 
between  thefe  marks,  applied  to  the  equator,  from  the  me- 
ridian of  London,  will  lliew  the  number  of  degrees  between 
the  two  plages. 

Simple  as  this  problem  may  appear  in  theory,  on  a fuperficial  view, 
yet,  when  applied  to  prartice,  the  difficulties  which  occur  are  almoft  inl'u- 
pvr;:Me.‘  In  failing  acrqfs  the  tracklefs  ocean,  or  travelling  through  ex- 
tenfivc  and  unknown  countries,  our  only  giiide  is  the  compafs,  and  ex- 
cept two  places  be  fituated  diretbly  north  and  fouth  of  each  other,  or  upon 
the  equator,  though  we  may  travel  or  fail  from  one  place  to  the  other  by 
the  compafs,  yet  we  cannot  take  the  (horteil  route,  as  meafured  by  th® 
quadrant  of  altitude. 

To  illuftiato  thefe  obfeivations  bv  examples:  Let  two  places  be 

fituated  in  latitude  50”  north,  and  differing  in  longitude  48“  50',  which 
will  nearly  cortefpond  with  the  Land’s  End  and  the  eallern  coall  of  New- 
foundland. 'i  he  arch  of /le/r.y?  diftance  being  that  of  a great  circle,  truly 
ealctilated  hy  fpbcrkal  tri^onotnet-y.,  is  Jo'  49'  6",  equal  to  l849.jJ  geogra- 
phical miles,  or  2141 1 Eiigli;h  miles  : but,  if  aftiip  fteer  from  the  F.,and’s 
hind  direttly  weft  ward,  in  the  latitude  of  50®  north,  till  her  ^difference 
of  longitude  be  48'"  50',  her  true  diftance  failed  will  be  1883  ' geogra- 
phical miles,  or  2i8ii  Engliffi  miles,  making  a circuitous  courle  of 
34^’  geographical  miles,  or  40|.  Eiiglilh  mile*.  Thofe  who  are  ac. 

quaiiitei  with  fpherical  trigooometry  and  the  principles  of  navigation, 
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rparticularly  gfMt  ctrclefailingf  know  that  it  is  tmpoJJibU  to  coildufl  a lliip 
exadlly  on  the  arch  of  a great  circle,  except,  as  before  obferyed,  on  the  ; 
equator  or  a meridian  ; for,  in  this  example,  (he  mutt  be  (leered  through  i 
all  the  different  angles,  from  N.  yo'’  49'  30''  W.  to  90  degrees,  and  con-  - 
•tinue  failing  from  thence  through  all  the  fame  varieties  of  angles,  till  (he  .■ 
arrives  at  the  intended  place,  where  the  angle  will  become  70"  49'  30'’', , 
the  fame  as  at  firft. 

Secondly.  Suppofe  it  were  required  to  find  the  (horteft  diftance  between  • 
the  Lizard,  lat.  49° 57'  N.  long.  5"  21'  W.  and  the  ifland  of  Bermudas,.. 
lat.  32°  35'  N,  long.  63*  32'  W.  The  arch  of  a great  circle  contained  ; 
between' the  two  places,  will  be  found,  by  fperical  trigonometry,  tobe» 
44',  being  2744  geographical  miles,  or  3178  Engli(h  miles.  See  the? 
•method  of  calculating  fuch  problems  in  Keith's  Trigonometry,  page  269.1 
Now,  for  a (hip  to  run  this  (horteft  track,  (he  mutt  fail  from  the  Lizard  .-1 
S.  89°  29-W.  and  gradually  lelfen  her  courfe  fo  as  to  arrive  at  Bermudas  s 
<on  the  rhumb  bearing  S.  49“  47'  W. ; but  this,  though  true  in  theory,.-, 
is  imprafticable  ; the  courfe  and  diftance  mull  therefore  be  calculated  by. 
Mercator  3 Sailing.  The  direifl  courfe  by  the  compafs  will  be  found  to  be ' 

S.  68°  9'  W.,  and  the  diftance  upon  that  courfe  2800  geographical  miles,: 
or  3243  EnglKh  miles;  making  a circuitous  courfe  of  56  geographicaL 
•miles,  or  65  Englifli  miles. 

Hence,  tojind  thedijlante  between  any  two  places  wbofe  latitudes  andlon.^- 
gitudes  are  known,  in  order  to  travel  or  fail  from  one  place  to  the  other,  on  a < 
direki  courfe  by  the  mariner's  compafs,  the  following  methods  mrf  be  ufed. 

I.  If  the  places  he  fituated  on  the  fame  meridian,  their  difference  of  la-‘ 
titude  will  be  the  nearejl  diftance  between  them  in  degrees,  and  the  places? 
will  be  exa£lly  north  and  fouth  of  each  other. 

a.  If  the  places  be  fituated  on  the  equator,  their  difference  of  longi- 
tude will  be  the  nearef  diftance  in  degrees,  and  the  places  will  be  exactly 
'caft  and  weft  of  each  other. 

3.  If  the  places  differ  both  in  latitudes  and  longitudes,  the  diftance  be- 
tween them  and  the  point  of  the  compafs  on  w hich  a perfon  mull  fail  01 
travel,  from  the  one  place  to  the  other,  muft  be  found  by  Mercator  t ' 
.Sailing,  as  in  navigation. 

4.  If  the  placoe  be  fituated  in  the  fame  latitude,  they  will  be  dire6lly  eaf , | 
and  weft  of  each  other ; and  their  difference  of  longitude,  multiplied  by  thc' 
•number  of  miles  which  make  a degree  in  thc  given  latitude,  -according  t< 
the  following  table,  will  give  the  diftance. 
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Deg. 

Lat. 

Gejg. 

Miles. 

t'.nglilh 

.Vliles. 

Deg. 

Lat. 

Ueog. 

Miles. 

Engliih  1 
Miles 

Deg. 

Lac. 

Geog. 

Miles. 

Engliih 

Miles. 

0 

60.00 

69.07 

31 

51-43 

59-13 

61 

29.09 

33-45 

1 

59-99 

69.06 

32 

50.88 

58.51 

62 

28.17 

32.40 

2 

5996 

69.03 

33 

50.32 

5787 

63 

27.24 

3 >-33 

3 

59-92 

68.97 

34 

49-74 

5V-20 

64 

26.50 

30.24 

4 

59-«5 

68.90 

35 

44.15 

56.51 

65 

25-36 

29-15 

S 

59-77 

68.81 

36 

48.54 

55-81 

66 

24.40 

28.06 

6 

5967 

68.62 

37 

47-92 

55-20 

67 

23-45 

26.96 

7 

59  55 

68.48 

38 

47-28 

54.37 

68 

22.48 

25.85 

8 

59-42 

68.31 

39 

46.63 

53.62 

69 

21.5 

24-73 

9 

59.26 

68.15 

40 

45-96 

52.85 

70 

20.52 

23.60 

10 

59-09 

67-95 

41 

45.28 

52.07 

72 

19-53 

22.47 

II 

58.89 

67-73 

42 

44-59, 

51.27 

72 

18.54 

21.32 

12 

58.69 

67.48 

41 

43-88 

50.46 

73 

2 7-54 

20.17 

13 

58.46 

67.21 

44 

43-26 

49.63 

74 

16.54 

19.02 

14 

58.22 

66.95 

45 

42.43 

48.78 

75 

15-53 

17-86 

15 

57-95 

66-65 

46 

41.68 

47-93 

76 

14-52 

16.70 

i6 

57-67 

66.31 

47 

40.92 

47.06 

77 

23-50 

15-52 

17 

57-38 

65.98 

48 

40.15 

46.16 

78 

12.48 

14-35 

18 

57.06 

65.62 

49 

39-36 

45.26 

79 

12.45 

i3-'7 

19 

56.73 

65.24 

50 

38.57 

44-35 

80 

10.42 

JI.98 

20 

56.38 

64.84 

51 

37-76 

43-42  I 

81 

9-38 

10.79 

21 

56.01 

64.42 

52 

3694 

42.48 

82 

8.35 

9-59 

22 

55-63 

63-97 

53 

36.11 

41-53  1 

83 

7.31 

8 42 

23 

55-23 

63-51 

54 

35-27 

40.56  1 

84 

6.27 

7 2 j 

24 

54.81 

63-03 

55 

34-41 

39-58  1 

85 

5-21 

6.00 

25 

54-38 

62-53 

56 

33-5' 

38.58 

86 

4.18 

4.81 

26 

53-93 

62-02 

57 

32.68 

37.58 

87 

3->4 

3-61 

27 

53-46 

61.48 

58 

31-79 

36.57 

88 

2.09 

2.41 

52-97 

60.93 

59 

30.90 

35-54 

89 

1-05 

1.21 

29 

52.48 

60.35 

60 

20  00 

34-50 

90 

0.00 

0.00 

30 

51-96 

59-75  i 

Length  of  a degree  69.07  Englifh  miles 

The  above  table  is  calculated  thus : As  radius  is  to  the  length  of  a de- 
gree upon  the  equator,  fo  is  the  co-fine  of  the  given  latitude  to  the  length 
ofa  degree  in  that  latitude.  See  this  proportion  illullrated  in  .STW/A’/  T'/i- 
gMometry,  page  249. 
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ExamFles.  I.  What  is  the  neareft  dlflance  between ' 
the  Lizard  andtheifland  of  Bermudas  ? 


45I  diftance  in  degrees. 
60 


45^  diilance  in  degree*. 
69i 


S7C0 

50 

15 

3745  geographical  miles. 


22-g 

40s 

270 

34| 

3179I 


2.  What  is  the  nearell  diftance  between  the  ifland  of  Ber-- 
mudas  and  St.  Helena  ? 


732  diltance  in  degrees. 
60 


43?o 

30 


73^  diftance  in  degree*. 

694 


30 

657 

438, 

34i 


441C  geographic.il  miles. 

5138J  Englifti  miles, 

3.  What  is  the  neareft  diftance  between  London  andl 


Botany  Bay  ? 

154  diftance  in  degrees. 
60 


9240  geographical  miles. 


1^4  diftance  in  degrees. 

hi 


n 

1386 

924 


10703  Englifti  miles. 


4.  What  is  the  direft  diftance  between  London  and  Ja-- 
maica,  in  geographical  and  in  Englifh  miles  ? 

5.  What  is  the  extent  of  Europe  in  Englifh  miles,  fromi 
Cape  Matapan  in  the  Morea,  latitude  36'^  35'  N.  to  the. 
North  Cape  in  Lapland,  latitude  71®  30'  N.  ? the  places  be-* 
ing  fttuated  nearly  due  north  and  fouth. 

6.  What  is  the  extent  of  Afiica  from  Cape  Verd,  lat,. 
14®  45' N.  long.  17°  33'  W.  to  Cape  Guardafui,  lat.  11“ 
47'  N.  long.  51®  35'  E.  ? 

7.  What  is  the  extent  of  South  America  from  Cape  Blan- 
co in  the  weft  to  Cape  St.  Roque  in  the  eaft  ? 
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8.  Suppofe  the  track  of  a fhip  to  Madras  be  from  the 
Lizard  to  St.  Anthony,  one  of  the  Cape  Verd  illands, 
thence  to  St.  Helena,  thence  to  the  Cape  of  Good  Hope, 
thence  to  the  eail  of  the  Mauritius,  thence  a little  to  the 
fouth-eaft  of  Ceylon,  and  thence  to  Madras  ; how  many 
linglilh  miles  is  the  Land’s  End  from  Madras  ? 


Problem  X. 

place  being  given  on  the  globe ^ to find  all  places  •which  are  • 

fituated  at  the  fame  df lance  from  it  as  any  other  given  place. 

Rule.  Lay  the  graduated  edge  of  the  quadrant  of  alti- 
tude over  the  two  places,  fo  that  the  divifion  marked  O 
may  be  on  one  of  the  places,  then  obferve  what  degree  of 
the  quadrant  Hands  over  the  other  place  ; move  the  qua- 
drant entirely  round,  keeping  the  divifion  marked  O in  its 
firft  fituation,  and  all  places  which  pafs  under  the  fame  de- 
gree which  was  obferved  to  Hand  over  the  other  place,  will 
be  thofe  fought. 

Or,  Place  one  foot  of  a pair  of  compaffes  in  one  of  the 
given  places,  and  extend  the  other  foot  to  the  other  given 
place  ; a circle  deferibed  from  the  firft  place  as  a centre, 
tv’ith  this  extent,  will  pafs  through  all  the  places  fought. 

If  the  diftance  between  the  two  given  places  Ihould  exceed  the  length  ct 
the  quadrant,  or  the  extent  of  a pair  of  compafl’es,  llretch  a piece  of  thread 
over  the  two  places,  as  in  the  preceding  problem. 

Examples,  i . It  is  required  to  find  all  the  places  on  the 
globe  which  are  fituated  at  the  fame  diftance  from  London 
as  W arfaw  is  ? 

Anfiuer.  Koninglburg,  £uda,  Pefega,  Alicant,  &c. 

2.  What  places  are  at  the  fame  diftance  from  London  a* 
Peterlburg  is  ? 

3.  What  places  arc  at  the  fame  diftance  from  London  as 
Conftantinople  is  ? 

4.  What  places  are  at  the  fame  diftance  from  Rome  as 
Madrid  is  ? 


»4  . 
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Problem  XI. 

Given  the  latitude  of  a place  and  Its  di/lance  from  afiven  place  y 
to  fnd  that  place  vohercof  the  latitude  is  given. 

Rule,  If  the  diftance  be  given  in  Englifli  or  geographi-' 
cal  miles,  turn  thein  into  degrees  by  dividing  by  69 1 forEng- 
lifh  miles,  or  60  for  geographical  miles  ; then  put  that  part 
of  the  graduated  edge  of  the  quadrant  of  altitude  which  is 
ifiarked  O upon  the  given  place,  and  move  the  other  end 
eaftward  or  weft  ward  (according  as  the  required  place  lies 
to  the  eaft  or  weft  of  the  given  place)  till  the  degrees  of 
diftance  cut  the  given  parallel  of  latitude  ; under  the  point 
of  interfeftion  you  will  find  the  place  fought. 

Or,  Having  reduced  the  miles  into  degrees,  take  the 
fame  number  of  degrees  from  the  equator  with  a pair  of 
compalfes,  and  with  one  foot  of  the  compaffes  in  the  given 
place,  as  a centre,  and  this  extent  of  degrees,  defcribe  a 
circle  on  the  globe ; turn  the  globe  till  this  circle  falls  un- 
der the  given  latitude  in  the  brafs  meridian,  and  you  will 
find  the  place  required. 

Examples,  i.  A place  in  latitude  60”  N.  is  1320^ 
Englifh  miles  from  London,  and  it  is  fituated  in  E.  longi- 
tude ; required  the  place  ? 

Anfwer.  Dfviile  T320-E  miles  by  6pj  miles,  or,  which  is  the  fame 
thing,  2641  half  miles  by  139  half  miles,  the  quotient  will  give  19  de- 
grees ; hence  the  required  place  is  f’eterfljurg. 

2.  A place  in  latitude  32^°  N.  is  1 350  geographical  miles 
from  London,  and  it  is  fituated  in  W.  longitude  j required 
the  place  ? 

Anfwer.  Divide  1350  by  60  the  quotient  is  22°  3c/,  or  degrees ; 
hence  the  required  place  is  the  weft  ppint  of  the  ifland  of  Madeira. 

3.  What  place,  in  E.  longitude  and  41°  N.  latitude,  is 
1529^  EriglHh  miles  from  London. 

4.  What  place,  in  W.  longitude  and  1 3°  N.  latitude,  is 
3660  geographical  miles  from  London  ? 
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Problem  XII. 

Given  the  longitude  of  a place  and  its  dljlance  from  a given 

placcy  to find  that  place  ’whereof  the  longitude  is  given. 

Rule.  If  the  diftance  be  given  in  Englifh  or  geographi- 
cal miles,  turn  them  into  degrees  by  dividing  by  69^  for  Eng- 
liHi  miles,  or  60  for  geographical  miles ; then,  put  that 
part  of  the  graduated  edge  of  the  quadrant  of  altitude  which 
is  marked  O upon  the  given  place,  and  move  the  other  end 
northward  or  fouthward  (according  as  the  required  place 
lies  to  the  north  or  fouth  of  the  given  place),  till  the  de- 
grees of  diftance  cut  the  given  longitude  : under  the  point 
of  interfeftion  you  will  find  the  place  fought. 

Or,  Having  reduced  the  miles  into  degrees,  take  the 
fame  number  of  degrees  from  the'  equator  with  a pair  of 
compafles,  and  with  one  foot  of  the  compafles  in  the  given 
place,  as  a centre,  asd  this  extent  of  degrees,  defcribe  a 
circle  on  the  globe  ; bring  the  given  longitude  to  the  brafs 
meridian,  and  you  will  find  the  place,  upon  the  circle,  under 
th^  brafs  meridian. 

Examples,  i.  A place  in  north  latitude,  and  in  60  de- 
grees weft  longitude,  is  4239^  Englilh  miles  from  London  ; , 
required  the  place  ? 

Anftaer.  Divide  4239}  miles  by  69^  miles,  or,  which  is  the  fame  thing 
8479  half  miles  by  139  half  miles,  the  quotient  will  give  6i  degrees; 
hence  the  required  place  is  the  illand  of  Barbadoes. 

2.  A place  in  north  latitude,  and  in  75  J degrees  weft 
longitude,  is  3 1 20  geographical  nafles  from  London  ; what 
place  is  it  ? 

3.  A place  in  31I  degrees  eaft  longitude,  and  fituated , 
fouthward  of  London,  is  2224  Englilh  miles  from  it  ; re-' 
quired  the  place  ? 

4.  A place  in  29  degrees  eaft  longitude,  and  fituated 
fouthward  of  London,  is  J529  Englifh  miles  from  it  i rc-. 
quired  the  place  ? 
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Problem  XIII. 

To find  how  many  miles  make  a degree  of  longitude  in  any  given\ 
parallel  of  latitude. 

Rule.  Lay  the  quadrant  of  altitude  parallel  to  the  equa- 
tor, between  any  two  meridians  in  the  given  latitude,  which 
differ  in  longitude  15  degrees  * ; the  number  of  degrees  in- 
tercepted between  them  multiplied  by  4,  will  give  the  length 
of  a degree  in  geographical  miles.  The  geographical  miless 
may  be  brought  into  Englifh  miles  by  multiplying  by  116,, 
and  cutting  off  two  figures  from  the  right  hand  of  the  pro« 
du6I. 

Or,  Take  the  diftance  between  two  meridians,  which 
differ  in  longitude  15  degrees  in  the  given  parallel  of  lati- 
tude, with  a pair  of  compaffes  ; apply  this  diftance  to  the* 
equator,  and  obferve  how  many  degrees  it  makes  ; withi 
which  proceed  as  above. 

Since  the  quadrant  of  altitude  will  meafure  no  arch  truly  but  that  of  a 
great  circle  ; and  a pair  of  compaffes  will  only  meafure  the  chord  of  an 
arch,  not  the  arch  itfelf ; it  follows,  that  the  preceding  rule  cannot  be 
mathematically  true,  though  fufficiently  correft  for  practical  purpofes. 
When  great  exaSnefs  is  required,  recourfe  mull  be  had  to  calculation.  See 
tlie  table  in  the  note  to  Problem  IX.  page  173. 

The  above  rule  is  founded  on  a fuppofition  that  the  number  of  degrees 
contained  between  any  two  meridians,  reckoned  on  the  equator,  is  to  the 
number  of  degrees  contained  between  the  fame  meridians,  on  any  parallel 
of  latitude,  as  the  number  of  geographical  miles  contained  in  one  degree 
of  the  equator,  is  to  the  number  of  geographical  miles  contained  in  one 
degree  on  the  given  parallel  of  latitude.  Thus  in  the  latitude  ofLondon,, 
two  places  which  differ  15  degrees  in  longitude  are  9^  degrees  diftant  by 
the  rule.  Hence, 

150  : 9I0  : ; 60  m. : 37  m.,  or  15°  : 60  m.  : : 9|-'’ : 37  m.  but  15  is  to 
60  as  I is- to  4,  therefore,  i : 4 : ; 9 J : 37  geographical  miles  contained  in . 
one  degree.  Now,  any  number  of  geographical  miles  may  be  brought  into 
Englifh  miles  by  multiplying  by  69-^  and  dividing  by  60  ; or  by  multi- - 
plying  by  1.16,  for  60  : 69^  : : I : I.16  nea<-ly 

Examples,  i.  How  many  geographical  and  Englifh > 

. miles  make  a degree  in  the  latitude  of  Pekin. 

Anpwer.  The  latitude  of  Pekin  is  40°  north  ; the  dillance  between  two 
meridians  in  that  latitude  (which  differ  in  longitude  15  degrees)  is  ii-J-- 
degrees.  Now,  iii  degrees  multiplied  by  4,  produces  46  geographical 
miles  for  the  length  of  a degree  of  longitude,  in  the  latitude  of  Pekin  ; , 
and,  if  46  be  multiplied  by  116,  the  produdl  will  be  5336  ; cut  off  tlie 

* The  meridians  on  Cary’s  globes  are  drawn  through  every  ifn  de- 
grees. The  rule  will  anfwer  for  thefe  globes,  by  reading  10  degrees  for. 
15  degrees,  and  multiplying  by  6 inftead  of  4. 
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two  right  hand  figures,  and  the  length  of  a degree  in  Englilh  miles  will  be 
53.  Or,  by  the  rule  of  three  15°:  69§m. : : ii4“:  53  miles 

2.  How  many  miles  make  a degree  in  the  parallels  of 
latitude  wherein  the  following  places  are  fituated  ? 

Surinam.  Walhihgton.  Spitzbergen. 

Barbadoes.  Quebec.  Cape  Verd. 

Havannah.  Skalholt.  Alexandria. 

Bermudas  I.  North  Cape,  Paris. 


Problem  XIV. 

To  Jind  the  hearing  of  one  place  from  another. 

Rule.  If  both  the  places  be  fituated  on  the  fame  pa-., 
rallel  of  latitude,  their  bearing  is  either  eaft  or  weft  from 
each  other  ; if  they  be  fituated  on  the  fame  meridian,  they 
bear  north  and  fouth  from  each  other  ; if  they  be  fituated 
on  the  fame  rhumb-line  *,  that  rhumb-line  is  their  bearing, ; 
if  they  be  not  fituated  on  the  fame  rhumb-line,  lay  the 
quadrant  of  altitude  over  the  two  places,  and  that  rhumb- 
line w'hich  is  the  neareft  of  being  parallel  to  the  quadrant 
will  be  their  bearing. 

Or,  If  the  globe  have  no  rhumb-lines  drawn  on  it,  make 
a fmall  mariner’s  compafs  (fuch  as  in  Plate  I.  Fig.  4«) 
and  apply  the  centre  of  it  to  any  given  place,  fo  that  the 
north  and  fouth  points  may  coincide  with  fome  meridian  ; 
the  other  points  will  Ihew  the  bearings  of  all  the  circumja- 
cent places,  to  the  diftance  of  upwards  of  a thoufand  miles, 
if  the  centrical  place  be  not  far  diftant  from  the  equator. 

Examples,  i.  Which  way  muft  a fhip  fteer  from  the 
Lizard  to  the  ifland  of  Bermudas  ? 

Anfiver.  W.S.W. 

2.  Which  way  muft  a Ihip  fteer  from  the  Lizard  to  the 
ifland  of  Madeira  ? 

Anfioer.  S.S.W. 


* On  Adams’  globes  there  arc  two  compafles  drawn  on  the  equator, 
each  point  of  which  may  be  called  a rhumb-line,  being  drawn  fo  as  to  cut 
all  the  meridians  in  equal  angles.  One  compafs  is  drawn  on  a vacant  place 
in  the  Pacific  ocean,  between  America  and  New  Holland ; and  another, 
wi  a fimilar  manner,  in  the  Atlantic,  between  Africa  and  South  America, 
There  axe  no  rhumb-lines,  neither  on  Cary’ii, ntr  on  Bardin’s  globes. 
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3.  Required  the  bearing  between  London  and  the  follow- 


ing places  ? 

Amfterdam. 

Athens. 

Bergen. 

Berlin, 

Berne. 

Bruffels. 

Buda. 


Copenhagen, 

Dublin. 

Edinburgh. 

Lilbon. 

Madrid, 

Naples. 

Paris. 


Peterlburg. 

Prague. 

Rome. 

Stockholm. 

Vienna. 

Warfaw. 


Problem  XV. 


To find  the  angle  of  pojition  between  the  two  places. 

Rule.  Elevate  the  north  or  fouth  pole,  according  as  the 
latitude  is  north  or  fouth,  fo  many  degrees  above  the  hori- 
zon as  are  equal  to  the  latitude  of  one  of  the  given  places  ; 
bring  that  place  to  the  brafs  meridian,  and  ferew  the  qua- 
drant of  altitude  upon  the  degree  over  it  ; next  move  the 
quadrant  till  its  graduated  edge  falls  upon  the  other  place  ; 
then  the  number  of  degrees  on  the  wooden  horizon,  be- 
tween the  graduated  edge  of  the  quadrant  and  the  brafs  me- 
ridian, reckoning  towards  the  elevated  pole,  is  the  angle 
‘of  pofition  between  the  two  places. 

This  fimple  problem  has  been  the  occafion  of  many  difputes  among 
writers  on  the  globes.  Some  fuppofe  the  angle  of  pofition  to  reprefent 
the  true  bearing  of  two  places,  viz. 
that  point  of  the  compafs  upon  nhich 
any  perfon  mujl  conf  unity  fail  or  travel, 
from  the  one  place  to  the  other  ; w hile 
others  contend,  that  the  angle  of  po- 
lition  between  two  places  is  very  dif- 
ferent from  their  bearing  by  the  mari- 
ner’s eompafs.  We  lhall  here  endea- 
vour to  fet  the  matter  in  a clear  point  ^ 
of  view.  '1  he  annexed  figure  repre- 
fents  a quarter  of  the  fphere,  ftereo- 
graphically  projedted  on  the  plane  of 
the  meridian,  with  the  half  meri- 
dians and  parallels  of  latitude  drawn 
‘ through  every  ten  degrees ; P reprefents  the  north  pole,  and  E Q a portion 
of  the  equator.  Now,  by  attending  to  the  manner  of  finding  the  angle  of 
pofition,  as  laid  down  in  the  foregoing  problem,  we  lhall  find,  that  the 
yuadrant  of  altitudt  al-ways  fomt  til  iaf(  of  a/pberieal  triangle,  the  t’wo 
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Jdej  ef  ■which  triangle  are  the  complements  of  the  latitudes  of  the  two  places, 
and  the  ■uertical  an^le  is  their  difference  of  longitude.  The  angles  aC  llie 
bafe  of  this  triangle,  are  the  angles  of  pofition  between  the  two  places. 

I.  When  the  two  places  are Jituated  on  the  fame  parallel  of  latitude. 
l.et  two  places  L and  O be  fituated  in  latitude  50°  north,  and  differing 
in  longitude  48  ’ 50',  which  wjll  nearly  correfpond  with  the  Land’s  End 
and  the  eallerncoaft  of  Newfoundland  [See  the  note  to  Prob.  then  OP 

and  LP  will  be  each  40  degrees,  the  angle  OPL,  meafured  by  the  arch 
•w  Q,  will  be  48®  50';  whence  the  arch  of  neared  diltance  O » L may  be  found 
(by  rule  4,  p.  20 1,  Keith's  Trigonometry)  being  30  “39'  6",  the  angle  PLO 
equal  to  P O 1.,  the  triangle  being  ifofceles,  is  70°  49'  30 ' ; and  if  n be 
the  middle  point  between  1.  and  O,  the  latitude  of  that  point  will  be  found 
to  be  52®  37'  north,  .and  the  angles  n L and  P n O will  be  right  angles. 
Now,  if  an  indefinite  number  of  points  be  taken  along  the  edge  of  the  qua- 
drant of  latitude,  viz.  on  the  arch  L n O,  the  angle  of  pofition  between 
L and  each  of  thefe  points  will  be  N 70®  49'  30"  W. ; but,  if  it  were 
podlble  for  a fhip  to  fail  along  the  arch  L O by  the  compafs,  her  lati- 
tude would  gradually  increafe  between  L and  /»,  from  50"  N to  52“  37' 
N. ; and  the  courfes  die  mud  deer  would  vary  from  70®  49' 30"  at  L, 
to  90®  atyj.  In  failing  fromn  to  O,  die  mud  decreafe  her  latitude  from 
52°  37'  N.  to  50'  N.  and  her  courfes  mud  vary  from  90°,  or  directly  wed, 
to  70"  49'  30" ; but,  if  a fhip  were  to  fail  along  the  parallel  of  latitude 
Li  mO,  her  courfe  would  be  invariably  dua  wed  Hence  it  follows  that, 
if  two  places  be  fituated  on  the  fame'paratlel  of  latitude,  the  angle  of  po- 
fition between  them  cannot  reprefent  their  true  bearing  by  the  mariner’s 
compafs. 

Corollary.  If  the  two  places  were  fituated  on  the  equator  as  at  w 
and  Q,  the  angle  of  pofition  between  Q and  w,  and  between  Q and  all  the 
intermediate  points  as  at  N,  would  be  90  degrees.  In  this  cafe  therefore,  and 
in  this  only,  the  angle  of  pofition  !hews  the  true  bearing  by  the  compafs. 

2.  ^ the  two  places  differ  both  in  latitudes  and  longitudes. 

Let  L reprefent  a place  in  latitude  cO“  N ; B a place  in  latitude  1 3°  30' 
N.,  and  let  their  difference  of  longitude  BPL,  meafured  by  the  arch  b Q. 
be  52°  38'.  The  angle  of  pofition  betweeen  L and  B (calculated  by  fphe- 
rical  trigonometry ) will  he  found  to  be  S.  68^57'  W.,  and  the  angle  of 
pofition  between  B and  L will  be  N.  38“  5'  E. ; whereas,  the  direft  courfe  by 
the  compafs  from  L to  B calculated  by  Mercator  s Sailing)  is  S.  50®  6' 
W.,  and  from  B to  L,  it  is  N.  jo ' 6'  E If  we  affume  any  number  of  points 
on  the  arch  L B,  the  an  Je  of  pofition  between  L and  each  of  thefe  points 
will  be  invariable,  viz.  P L 1;,  P L r,  P L y,  P I.  r,  P L r,  &c.  are  each 
equal  to  68®  57'  ; while  the  angles  of  pofition  between  each  of  thefe 
places  and  L,  viz.  P -u  L,  P t L,  P y L,  P j L,  P r L,  &c.  are  con- 
tinually diminifhing.  If  a (hip,  therefore,  were  to  fail  from  I.,  on  a S. 
68®  57^  W.  courfe,  by  the  mariner’s  compafs,  flie  would  never  arrive  at  B ; 
and  were  (he  to  fail  from  B,  on  a N.  38®  6'E.  courfe  by  the  compafs, 
flie  would  never  arrive  at  L. 

Hence  an  angle  of  pofition  between  two  places  cannot  reprefent  their  bear* 
ing,  (Kcept  tbfe  placet  be  en  the  equator,  or  upon  the  fame  meridian. 

Exam- 
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Examples,  i.  What  is  the  angle  of  pofition  between 
London  and  Prague  ? 

Ahf-wer.  90  degrees  from  the  north,  towards  the  eaft  ; the  quadrant  of 
altitude  will  fall  upon  the  eaft  point  of  the  horizon,  and  pafs  over  or  near 
the  following  places,  viz.  Rotterdam,  Frankfort,  Cracow,  Ockzakow, 
Caffa,  fouth  part  of  the  Cafpian  fea,  Guzerat  in  India,  Madras,  and  part 
of  the  ifland  of  Ceylon.  Hence  all  thefe  places  have  the  fame  angle  of 
pofition  from  I.ondon. 

2.  What  is  the  angle  of  pofition  between  London  and 
Port  Royal  in  Jamaica  ? 

Anfiutr.  96  degrees  irom  the  north  towards  the  weft  ; the  quadrant  cf 
altitude  will  fall  upon  the  weft  point  of  the  horizon. 

3.  What  is  the  angle  of  pofition  between  Philadelphia 
and  Madrid  ? 

Anfiucr.  65  degrees  from  the  north  towards  the  eaft ; the  quadrant  of 
altitude  will  fall  between  the  E.  N.E.  and  N.  E.  by  E.  points  of  the  ho- 
rizon. 

4.  Required  the  angles  of  pofition  between  London  and. 

the  following  places  ? . 


Problem  XVI. 

To  Jlnd  the  Antaci,  Periceci,  and  Antipodes  of  any  place. 

Rule.  Place  the  two  poles  of  the  globe  in  the  horizon, 
and  bring  the  given  place  to  the  eaftem  part  of  the  hori- 
zon ; then,  if  the  given  place  be  in  north  latitude,  obferve 
how  many  degrees  it  is  to  the  northward  of  the  eaft  point  of 
the  horizon  ; the  fame  number  of  degrees  to  the  fouthward 
of  the  eaft  point  will  ftiew  the  Antaci ; an  equal  number  of 
degrees,  counted  from  the  weft  point  of  the  horizon  towards 
the  north,  will  fiiew  the  Periceci ; and  the  fame  number  of 
degrees,  counted  towards  the  fouth  of  the  weft,  will  point 
out  the  Antipodes.  If  the  place  be  in  fouth  latitude  the 
fame  rule  will  ferve  by  reading  fouth  for  north,  and  the 
contrary.  6 • , - 


Amfterdam.  Copenhagen. 

Berlin.  Cairo. 

Berne.  Lilbon. 

Conftantinople.  Madras. 


Rome. 

Stockholm. 

Peterfburg. 

Quebec- 
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Or  thus : 

For  the  Antceel.  Bring  the  given  place  to  the  brafs  meri- 
dian and  obferve  its  latitude,  then  in  the  oppofite  hemif- 
phere,  under  the  fame  degree  of  latitude,  you  will  find  the 
Antceci. 

For  4be  Periceci.  Bring  the  given  place  to  the  brafs  me- 
ridian, andfet  the  index  of  the  hour  circle  to  12,  turn  the 
globe  half  round,  or  till  the  index  points  to  the  other  12, 
then  under  the  latitude  of  the  given  place  you  will  find  the 
Periceci. 

For  the  Antipodes.  Bring  the  given  place  to  the  brafs 
’ meridian,  and  fet  the  index  of  the  hour  circle  to  12, 
turn  the  globe  half  round,  or  till  the  index  points  to  the 
other  12,  then  under  the  fame  degree  of  latitude  with  the 
given  place,  but  in  the  oppofite  hemifphere,  you  will  find 
the  Antipodes. 

Examples,  i.  Required  the  Antceci,  Periceci,  and 
Antipodes  of  the  ifiand  of  Bemiudas  ? 

Anf-wer.  A place  in  Paraguay,  a little  N.W.  of  Buenos  Ayres,  is  tlie 
Antceci  ; the  Periceci  is  a place  in  China  N.W.  of  Nankin  ; and  the  S.W. 
part  of  New  Holland  is  the  Antipodes. 

2.  Required  the  Antceci,  Periceci,  and  Antipodes,  of 
the  Cape  of  Good  Hope  ? 

3.  Captain  Cook,  in  one  of  his  voyages,  was  in  yo  de- 
grees fouth  latitude  and  180  degrees  of  longitude  ; in  wfiat 
part  of  Europe  was  his  antipodes  ? 

4.  Required  the  Antceci  of  the  Falkland  iflands  ? 

5.  Required  the  Periceci  to  the  Philippine  ifiand s ? 

6.  What  inhabitants  of  the  earth  are  Antipodes  to  Bue- 
nos Ayres  ? 

Problem  XVII. 

- To  Jlnd  at  nuhat^  rate  per  hour  the  inhabitants  of  any  given 
place  are  carried,  from  ’wejl  to  eajl,  by  the  revolution  of  the 
earth  on  its  axis. 

Rule.  Find  how  many  miles  make  a degree  of  longi- 
tude in  the  latitude  of  the  given  place  (by  Problem  XIII.) 
which  multiply  by  15  for  the  anfwer  *. 


* The  reafon  of  this  rule  is  obvious,  for,  if  m be  the  number  of  miles 
contained  in  a degree,  we  have  24  hours:  360°  X ra.:  : i hour  to  the 

anlwer  ; 
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Or,  Look  for  the  latitude  of  the  given  place  in  the 
table,  Problem  IX,  againlt  w'hich  you  vi-ill  find  the  number 
of  miles  contained  in  one  degree  ; multiply  thefe  miles  by 
15,  andrejeft  two  figures  from  the  right  hand  of  the  pro- 
du6l  ; the  refult  will  be  the  anfwer. 

Examples,  i.  At  what  rate /irr  hour  are  the  inhabi- 
tants of  Madrid  carried  from  weft  to  eaft  by  the  revolution 
of  the  earth  on  its  axis. 

An/wet.  The  latitude  of  Madrid  is  about  40°  N.  where  a degree  of  lon- 
gitude meafures  46  geographical,  or  53  Englifli  miles  (fee  Example  i. 
Prob  XIII.)  Now,  46  multiplied  by  15  produces  690,  and  53  multi- 
plied by  15  produces  795  ; hence  the  inhabitants  of  Madrid  are  carried 
690  geographical,  or  795  Englifli  miles hour. 

By  the  T0ble.  Againft  the  latitude  40  you  will  find  45.96  geographical 
miles,  and  52.85  Englilh  miles  ; Hence, 

45.96  X 15  = 689.40  and  52.85  X 15  =:  792.75,  by  rejedling  the 
two  right  hand  figures  from  each  product,  the  refult  will  be  689  geogra- 
phical mHes,  and  792  Engllh  miles,  agreeing  nearly  with  the  above. 

2 At  what  rate  per  hour  are  the  inhabitants  of  the  fol- 
lowing places  carried  from  weft  to  eaft  by  the  revolution  of 
the  earth  on  its  axis  ? 

Skalholt.  Philadelphia.  Cape  of  Good  Hope. 

Spitzbergen.  Cairo.  Calcutta. 

Peterlburg.  Barbadoes.  Delhi. 

London.  Quito.  Batavia. 


Problem  XVIII. 

yf  particular  place  and  the  hour  of  the  day  at  that  place  being 
given,  to find  what  hour  it  is  at  any  other  place. 

Ru  L E . Bring  the  place,  at  which  the  time  is  given,  to 
the  brafs  meridian,  and  ftt  the  index  of  the  hour  circle  to 
12*  ; turn  the  globe  till  the  other  plage  comes  to  the  meri- 


anfwcr  ; but,  24  is  contained  i ^ times  in  360  ; therefore,  i hour ; 15  X 
m : : I hour  to  the  anfwer  ; that  is,  on  a fuppofition  that  the  earth  turns 
on  Its  axis  from  weft  to  eaft  in  24  hours  ; but  we  have  before  obferved 
that  it  turns  on  its  axis  in  23  hours  56  min.  4 lec.,  which  will  make  a fmall 
difference  not  worth  notice. 

* The  index  may  be  fet  to  any  hour,  but  12  is  the  moft  convenient  to 
count  from, and  it  is  immaterial  whichj2onthe  houf  circle  the  index  isfet  to. 
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dian,  and  the  hours  pafTed  over  by  the  index  will  be  the 
difference  of  time  between  the  two  places.  If  the  place 
where  the  hour  is  fought  lie  to  the  eaft  of  that  wherein  the 
time  is  given,  eount  the  difference  of  time  forward  from  the 
given  hour  ; if  it  lie  to  the  weft  reckon  the  difference  of 
time  backward. 

Or,  without  the  hour  c]rcle. 

Find  the  difference  of  longitude  between  the  two  places 
(by  Problem  VIII.)  and  turn  it  into  time  by  allowing  15 
degrees  to  an  hour,  or  four  minutes  of  time  to  one  degree. 
The  difference  of  longitude  in  time,  will  be  the  difference 
of  time  between  the  two  places,  with  which  proceed  as 
above.  Degrees  of  longitude  may  be  turned  into  time  by 
multiplying  by  4 ; obferving  that  minutes  or  miles  of  lon- 
gitude, when  multiplied  by  produce  feconds  of  time, 
and  degrees  of  longitude,  when  multiplied  by  4,  produce 
minutes  of  time. 

It  has  been  remarked  in  the  note  page  6,  that  fome  globes  have  two 
rows  of  figures  on  the  hour  circle,  others  but  one ; this  difference  fre- 
quently occafions  confufion  ; and  the  manner  in  which  authors  in  ge- 
neral direct  a learner  to  folve  thofe  problems  wherein  the  hour  circle  is 
ufed,  ferves  only  to  increafe  that  confufion.  In  this,  and  in  all  the  fuc- 
ceeding  problems,  great  care  has  been  taken  to  render  the  rules  general  for 
any  hour  circle  whatfoever. 

Examples,  i.  When  it  is  ten  o’clock  in  the  morning 
at  London,  what  hour  is  it  at  Petersburg  ? 

Anfiuer.  The  difference  of  time  is  two  hours  ; and,  as  Peterfburg  is 
eaftward  of  London,  this  difference  muft  be  counted  forward,  fo  that  it  i's 
twelve  o’clock  at  noon  at  Peterfburg.  ’ 

Or,  The  difference  of  longitude  between  Peterfburg  and  London  is 
30®  23',  which  multiplied  by  4 produces  2 hours  1 min.  40  fee.  the  dif- 
ference of  time  (hewn  by  the  clocks  of  London  and  Peterfburg  j hence, 
as  Peterfbui'g  lies  to  the  call  of  London,  when  it  is  ten  o’clock  in  the 
morning  at  London,  it  is  one  mimite  and  forty  feconds  paft  twelve  at 
Peterfburg. 

2.  When  it  is  two  o’clock  in  the  afternoon  at  Alexan- 
dria in  Egypt,  what  hour  is  it  at  Philadelphia  ? 

Anfiver.  file  difference  of  time  is  feven  hours;  and, bec."iufe  Phila- 
delphia lies  to  the  weft  of  Alexandria,  this  difference  muft  be  reckoned 
backward,  fo  that  it  is  feven  o’clock  in  the  morning  at  Philadelphia. 

Or, 
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Or,  Tlie  longitude  of  Alexandria  is  30^  16'  E., 

The  longitude  of  Philadelphia  is  75  19  W. 

DiiTerence  of  longitude  105  35 

4 

Difference  of  longitude  in  time  7 b a m.  ao  fee.,  the 
flocks  at  Philadelphia  are  flower  than  ihofeat  Alexandria;  hence,  when 
it  is  t%vo  o’clock  In  the  afternoon  at  Alexandria,  it  is  57  111.40  fee.  pall 
lix  in  the  morning  at  Philadelphia 

3.  When  it  is  noon  at  London,  what  hour  is  it  at  Calcutta? 

4.  When  it  is  ten  o’clock  in  the  morning  at  London, 
what  hour  is  it  at  Wafhington  ? 

5.  When  it  is  nine  o’clock  in  the  moming  at  Jamaica, 
what  o’clock  is  it  at  Madras  ? 

6.  My  watcl)  was  w^ell  regulated  at  London,  and  when 
I arrived  at  Madras,  which  was  after  a five  month’s  voyage, 
it  was  four  hours  and  fifty  minutes  flower  than  the  clocks 
there.  Had  it  gained  or  loft  during  the  voyage  ? And  how 
much  ? 

Problem  XIX. 

A particular  place  and  the  hour  of  the  day  being  given  to  fnd 

all  places  on  the  globe  avhere  it  is  then  noon^  or  any  other 

given  hour. 

Rule.  Bring  the  given  place  to  the  brafs  meridian,  aid 
fet  the  index  of  the  hour  circle  to  12  ; then,  as  the  diffe- 
rence of  time  between  the  given  and  required  places  is  al- 
ways known  by  the  problem,  if  the  hour  at  the  required 
places  be  eaidier  than  tlie  hour  at  the  given  place,  turn  the 
globe  eaftward  till  the  index  has  paffed  over  as  many  hours 
as  are  equal  to  the  given  difference  of  time  ; but,  if  tlie 
hour  at  the  required  places  be  later  than  the  hour  at  the 
given  place,  turn  the  globe  weftward  till  the  index  has 
paffed  over  as  many  hours  as  are  equal  to  the  given  diffe- 
rence of  time  ; and,  in  each  cafe,  all  the  places  required 
will  be  found  under  the  brafs  meridian. 

I 

Or,  w'ithout  the  hour  circle. 

Reduce  the  difference  of  time  between  the  given  place 
and  the  required  places  into  minutes  ; thefe  minutes,  di- 
vided by  4,  will  give  degrees  of  longitude  ; if  there  he  a 
remainder  after  dividing  hy  4,  multiply  it  by  60,  and  di- 
vide- 
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vide  the  produft  by  four,  the  quotient  will  be  minutes  or 
miles  of  longitude.  The  difference  of  longitude  between 
the  given  place  and  the  required  places  being  thus  deter- 
mined, if  the  hour  at  the  required  places  be  earlier  than  the 
hour  at  the  given  place,  the  required  places  lie  as  many  de- 
grees to  the  weftward  of  the  given  place  as  are  equal  to  the 
difference  of  longitude  ; if  the  hour  at  the  required  places 
be  later  than  the  hour  at  the  given  place,  the  required  pla- 
ces lie  as  many  degrees  to  the  eaft  ward  of  the  given  place  as 
are  equal  to  the  difference  of  longitude. 

Examples,  i.  When  it  is  noon  at  London,  at  what 
places  is  it  \ pafl  eight  o’clock  in  the  morning. 

Anfxuer.  The  difference  of  time  between  London,  the  given  place,  and 
the  required  places,  is  3^  hours,  and  the  time  at  the  required  places  is 
tarlicr  than  that  at  London  ; therefore  the  required  places  lie  3+  hours 
weftward  of  London  ; confequently,  by  bringing  to  I.ondonthe  brai's  me- 
ridian, fetringthe  index  to  13,  and  turning  the  globe  eaftward  till  the  in- 
dex has  paffed  over  3-J-  hours,  all  the  required  places  will  be  under  the  brals 
meridiin,  as  the  eaftern  coaft  of  Newfoundland,  Cayenne,  part  of  Para- 
guay, &c.  ' 

Or,  The  difference  of  time  between  London,  the  given  place,  and  the 
required  places,  is  3 hours  30  min. 

'I  he  difference  of  longitude  between  the  given 
place  and  the  required  places  is  53"  30’.  The 
hour  at  the  required  places  being  earlier  than 
that  at  the  given  place,  theylie  53°  30  weft- 
ward of  the  given  place.  Hence,  all  places 
fituaced  in  53°  30' weft  longitude  from  Lon- 
don are  the  places  fought,  and  will  be  found 
to  be  Cayenne,  &c.  as  above. 


3 h 30  m. 
60 


4)310 m. 


53»  — 


3 

60 


4)130 


30  m. 

2.  When  it  is  two  o’clock  in  the  afternoon  at  London, 
at  what  places  is  it  ^ pafl  live  in  the  afternoon  ? 

Anfzuer.  Here  the  difference  of  time  between  London,  the  given  place, 
and  the  required  places,  is  hours  ; but  the  time  at  the  required  places  is 
Inter  than  at  London.  The  operation  will  be  the  fame  as  in  example  i, 
only  die  globe  muff  be  turned  3-j  hours  towards  the  weft,  becaiife  the  re- 
quired places  will  be  in  eaft  Ibngitude,  or  eaftward  of  the  given  place. 
'J'he  places  fought  are  the  Caf)>ian  lea,  weftern  part  of  Nova  Zembla,  tho 
illaiid  of  Socotra,  eaftern  part  of  Madagafcar,  &c. 

3.  When  it  is  pafl  four  in  the  afternoon  at  Paris,  where 
is  it  noon  ^ 

4.  When  it  is  pafl  feven  in  the  morning  at  Ifpalian, 
where  is  it  noon  ? 

5 . When 
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5.  When  it  is  noon  at  Madras,  where  is  it  ^ part;  fix 
o’clock  in  the  morning  ? 

6.  At  fea  in  latitude  40”  north,  when  it  was  ten  o’clock 
iv  the  morning  by  the  time-piece,  which  fhews  the  hour  at 
London,  it  was  exaftly  9 o’clock  in  the  morning  at  the 
Hiip,  by  a correft  celeftial  obfervation.  In  what  part  of  the 
ocean  was  the  Ihip  ? 

7.  When  it  is  noon  at  London,  what  inhabitants  of  the 
earth  have  midnight  ? 

8.  When  it  is  ten  o’clock  in  the  morning  at  I.ondon,  ' 

where  is  it  ten  o’clock  in  the  evening.  < 

Problem  XX. 

To  Jind the futi‘ s longitude  [commonly  called  the  fun's  place  in 
the  ecliptic^  and  his  declinations. 

Rule.  Look  for  the  given  day  in  the  circle  of  months  on 
the  horizon,  againft  which,  in  the  circle  of  figns,  are  the 
fign  and  degree  in  which  the  fun  is  for  that  day.  Find  the 
fame  fign  and  degree  in  the  ecliptic  on  the  furface  of  the 
globe  ; bring  the  degree  of  the  ecliptic,  thus  found,  to 
that  part  of  the  brafs  meridian  which  is  numbered  from  the 
equator  towards  the  poles,  its  diftance  from  the  equator, 
reckoned  on  the  brafs  meridian,  is  the  fun’s  declination. — 
This  problem  iliny  be  performed  by  the  celefial  globe  ^ ufing  the 
fame  rule. 

Or,  by  the  analemma.  * 

Bring  the  analemma  to  that  part  of  the  brafs  meridian' 
which  is  numbered  from  the  equator  towards  the  poles,  and 


• The  Analemma  is  properly  an  orthographic  projedtion  of  the  fphere  on 
the  plane  of  the  meridian  j but  what  is  called  the  Analemma  on  the  globe , 
is  a narrow  flip  of  paper,  the  length  of  which  is  equal  to  the  breadth 
of  the  torrid  zone.  It  is  parted  on  feme  vacant  place  on  the  globe  in  the 
torrid  zone,  and  is  divided  into  months,  and  days  of  the  months,  correipon- 
dent  to  the  fun’s  declination  for  every  day  in  the  year.  It  is  divided  into  two 
parts  ; the  right  hand  part  begins  at  the  winter  folrtice,  or  December  21ft, 
and  is  reckoned  upwards  towards  the  fummer  folrtice,  or  June  21ft,  where 
the  left  hand  part  begins,  which  is  reckoned  downwards  In  a fimilar  man- 
ner, or  towards  the  winjer  folrtice.  On  Cary’s  globes  the  Analemma  fome- 
whatrefembles  the  figure  8.  It  appears  to  have  been  drawn  in  this  fliape 
for  the  convenience  of  (hewing  the  equation  of  time,  by  means  of  a ftraight 
line  which  pafles  through  the  middle  of  it.  The  equation  of  time  is  placed 
on  the  horizon  of  Bardin’s  globes. 
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thed(Tgree  on  the  brafs  meridian,  exaftly  above  the  day  of 
the  month,  is  the  fun’s  declination.  Turn  the  globe  till  a 
point  of  the  ecliptic,  correfpondent  to  the  day  of  the  month, 
pafles  under  the  degree  of  the  fun’s  declination,  that  point, 
will  be  the  fun’s  longitude  or  place  for  the  given  day.  If 
the  fun’s  declination  be  norths  and  increafmg,  the  fun’s  lon- 
gitude will  be  fomewhere  between  Aries  and  Cancer.  If 
the  declination  be  decreafing,  the  longitude  will  be  between 
Cancer  and  Libra.  If  the  fun’s  declination  beyba//6,  and 
increafing,  the  fun’s  longitude  will  be  between  Libra  and 
Capricorn  ; if  the  declination  be  decreafing,  the  longitude 
will  be  betw'een  Capricorn  and  Aries. 

The  fun’s  longitude  and  declination  are  given  in  the  fecond  page  of  every 
month,  in  the  Nautical  Almanac,  for  every  day  in  that  month  ; they  are 
likewile  given  in  IVhHe's  Epbemeiis,  for  every  day  in  t!ie  year. 

Examples,  i.  What  is  the  fun’s  longitude  and  de- 
clination on  the  15  th  of  April  ? , 


Anp 


npiver.  The  fun’s  place  is  26"  in  declination  10"  N. 

. Required  the  fun’s  place  and  declination  for  the  fol- 


lowii:g  days  ? 
January  21. 
February'  7. 
March  16. 
April  8. 


May  18. 
June  1 1 . 
July  1 1 . 
Auguft  I, 


September  9. 
Oftober  16. 
November  17. 
December  i. 


Problem  XXI. 

To  place  the  globe  in  the  fame  fit  nation,  with  respect  to 
THE  SUN,  as  our  earth  is  at  the  Equ i n o x e s,  at  the  sum- 
mer solstice,  and  at  the  winter  solstice,  and 
thereby  to  fseiv  the  comparative  lengths  of  the  longejl  and 
JhorteJl  days  *. 

I.  For  the  Equinoxes.  Place  the  two  poles  of  the 
globe  in  the  horizon  ; for  at  this  time  the  fun  has  no  decli- 


• In  this  problem,  as  in  all  others  where  the  pole  is  elevated  to  the 
■fun’s  declination,  the  fun  is  fuppofed  to  be  fixed,  and  the  earth  to  move 
on  its  axis  from  weft  to  eaft.  The  author  of  this  work  has  a little  brafs 
ball  made  to  reprefent  the  fun  ; this  ball  is  fixed  upon  a ftrong  wire,  and 
'tvhen  ufed.  Aides  out  of  a focket  like  an  acrematic  telefcope.  The 
focket  is  made  to  fcrew  to  the  brafs  meridian  (of  any  globe)  over  the  fun’s 
declination,  and  the  little  brafs  ball,  reprefenting  the  fun,  ftands  over  the 
declination,  at  a confiderable  diftance  from  the  globe. 

nation. 
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nation,  being  in  the  equinoflial  in  the  heavens,  which  is  an 
imaginary  hue  Handing  vertically  over  the  equator  on  the 
earth.  Now,  if  we  fuppofe  the  fun  to  be  fixed,  at  a confi- 
derable  diftance  from  the  globe,  vertically  over  that  point 
of  the  brafs  meridian  which  is  marked  O,  it  is  evident  that 
the  wooden  horizon  will  be  the  boundary  of  light  and  dark- 
nefs  on  the  globe,  and  that  the  upper  hemifphere  will  be 
enlightened  from  pole  to  pole. 

Meridians,  or  lines  of  longitude,  being  generally  drawn 
on  the  globe  through  every  1 5 degrees  of  the  equator,  the 
fun  will  apparently  pafs  from  one  m.eridian  to  another  in  an 
hour.  Ifyoubiingthe  point  Aries  on  the  equator  to  the 
eaftern  part  of  the  horizon,  the  point  Libra  will  be  in  the 
wellern  part  thereof ; and  the  fun  will  appear  to  be  fetting 
to  the  inhabitants  of  London  and  to  all  places  under  the 
fame  meridian  : let  the  globe  be  now  turned  gently  on  its 
axis  towards  the  eaft,  the  fun  will  appear  to  move  towards 
the  weft,  and,  as  the  different  places  fucceflively  enter  the 
dark  hemifphere,  the  fun  will  appear  to  be  fetting  in  the 
weft.  Continue  the  motion  of  the  globe  eaftward,  till  Lon- 
don comes  to  the  weftern  edge  of  the  horizon  ; the  moment 
it  emerges  above  the  horizon,  the  fun  will  appear  to  be  rifc- 
ing  in  the  eaft.  If  the  motion  of  the  globe  on  its  axis  be 
continued  eaftward,  the  fun  will  appear, to  rife  higher  and 
higher,  and  to  move  towards  the  weft  ; when  London 
comes  to  the  brafs  meridian,  the  fun  will  appear  at  its  great- 
eft  height;  and,  after  London  has  paffed  the  brafs  meri- 
dian, he  will  continue  his  apparent  motion  weftward,  and 
gradually  diminifii  in  altitude  till  London  comes  to  the  eaft- 
ern part  of  the  horizon,  when  he  will  again  be  fetting. 
During  this  revolution  of  the  earth  on  its  axis,  every  place 
on  its  furface  has  been  twelve  hours  in  the  dark  hemifphere, 
and  twelve  hours  in  the  enlightened  hemifphere  ; confc- 
quently  the  days  and  nights  are  equal  all  over  the  world  ; 
for  all  the  parallels  of  latitude  are  divided  into  two  equal 
parts  by  the  horizon,  and  in  every  degree  of  latitude  there 
are  fix  meridians  between  the  eaftern  part  of  the  horizon 
and  the  brafs  meridian  ; each  of  thefe  rheridians  anfwers  to 
o»ie  hour,  hence  half  the  length  of  the'day  i*  fix  hours,  aud 
the  whole  length  twelve  hours. 
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If  any  place  be  brought  to  the  brafs  meridian,  the  num- 
ber of  degrees  between  that  place  and  the  horizon  (reckoned 
the  nearell  way)  will  be  the  fun’s  meridian  altitude.  Thus, 
if  London  be  brought  to  the  meridian,  the  fun  will  then 
appear  exaftly  fouth,  and  its  altitude  will  be  384  degrees; 
the  fun’s  meridian  altitude  at  Philadelphia  will  be  50  de- 
grees ; his  meridian  altitude  at  Quito  90  degrees  ; and  here, 
as  in  every  place  on  the  equator,  as  the  globe  turns  on  its 
axis,  the  fun  will  be  vertical.  At  the  Cape  of  Good  Hope 
the  fun  will  appear  due  north  at  noon,  and  his  altitude  will 
b^55s  degrees. 

2.  For  the  Summer  Solstice. — The  fummer  fol- 
llice,  to  the  inhabitants  of  north  latitude,  happens  on  the 
2 1 ft  of  .Tune,  when  the  fun  enters  Cancer,  at  which  time 
his  declination  is  23'  28'  north.  Elevate  the  north  pole 
23  ' degrees  above  the  northern  point  of  the  horizon,  bring 
the  fign  of  Cancer  in  the  ecliptic  to  the  brafs  meridian,  and 
over  that  degree  of  the  brafs  meridian  under  which  this  fign 
ftands,  let  the  fun  be  fuppofed  to  be  fixed  at  a confiderable 
diftance  from  the  globe. 

While  the  globe  remains  in  this  pofition,  it  will  be  feen 
that  the  equator  is  exactly  divided  into  two  equal  parts,  the 
equinoctial  point  Aries  being  in  the  weftern  part  cf  the  ho- 
rizon, and  the  oppofite  point  Libra  in  the  eaftern  part,  and 
between  the  horizon  and  the  brafs  meridian  (counting  on 
the  equator)  there  are  fix  meridians,  each  fifteen  dwgrees, 
or  an  hour  apart,  confequently  the  day  at  the  equator  is 
twelve  hours  long.  From  the  equator  northward,  as  far  as 
the  Arctic  circle,  the  Hhirr.al archas  will  exceed  the  noBurnal 
arches  ; that  is,  more  than  one  half  of  any  of  the  pa- 
rallels of  latitude  will  be  above  the  horizon,  and  of  courfe 
lefs  than  one  half  will  be  below,  fo  that  the  days  are  longer 
than  the  nights.  All  the  parallels  of  latitude  within  the 
Arftic  circle  will  be  wholly  above  the  horizon,  confequently 
thofe  inhabitants  will  have  no  night.  From  the  equator 
fouthward,  as  far  as  the  Antarftic  circle,  the  nodurual arches 
will  exceed  the  diurnal  arches  \ that  is,  more  than  one  half 
of  any  one  of  the  parallels  of  latitude  will  be  below  the  ho- 
rizon, and  confequently  lefs  than  one  half  will  be  above. 
All  the  pa.rallels  of  latitude  within  the  Antai-aic  circle  will 
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be  wholly  below  the  horizon,  and  the  inhabitants,  if  any, 
will  have  twilight  or  dark  night. 

From  a little  attention  to  the  parallels  of  latitude,  while 
the  globe  remains  in  this  pofition,  it  will  eafily  be  feen  that 
the  arches  of  thofe  parallels  which  are  above  the  horizon, 
north  of  the  equator,  areexaftly  of  the  fame  length  as  thofe 
below  the  horizon,  fouth  of  the  equator  ; confequently, 
when  the  inhabitants  of  north  latitude  have  the  longeft  day, 
thofe  in  fouth  latitude  have  the  longeft  night.  It  will  like- 
'wife  appear,  that  the  arches  of  thofe  parallels  w'hich  are 
above  the  horizon,  fouth  of  the  equator,  tire  exailly  of  the 
fame  length  as  thofe  below  the  horizon,  north  of  the  equa- 
tor ; therefore,  when  the  inhabitants  who  are  fituated  fouth 
of  the  equator  have  the  ftiorteft  dayj  thofe  who  live  north 
of  the  equator  have  the  lliorteft  night. 

By  counting  the  number  of  meridians  (fuppofing  them  to 
be  drawn  through  every  fifteen  degrees  of  the  equator)  be- 
tween the  horizon  and  the  brafs  meridian,  on  any  parallel 
of  latitude,  half  the  length  of  the  day  wull  be  determined  in 
that  latitude,  the  double  of  which  is  the  length  of  the  day. 

1 . In  the  parallel  of  20  degrees  north  latitude  theve  are 
fix  meridians  and  two  thirds  more,  hence  the  longeft  day  is 
13  hours  and  20  minutes  ; and,  in  the  parallel  of  20  degrees 
fouth  latitude,  there  are  five  meridians  and  one  third,  hence 
the  fhorteft  day  in  that  latitude  is  ten  hours  and  forty  mi- 
nutes. 

2.  In  the  parallel  of  30  degrees  north  latitude  there  are 
feven  meridians  between  the  horizon  and  the  brafs  meridian, 
hence  the  longeft  day  is  14  hours  ; and  in  the  fame  degree 
of  fouth  latitude,  there  are  only  five  meridians,  hence  the 
fhorteft  day  in  that  latitude  is  ten  hours. 

3.  In  the  parallel  of  50  degrees  north  latitude  there  are 
eight  meridians  between  the  horizon  and  the  brafs  meridian  ; 
the  longeft  day  is  therefore  fixteen  hours  ; and  in  the  fame 
degree  of  fouth  latitude  there  are  only  four  meridians  ; 
hence  the  fhorteft  day  is  eight  hours. 

4.  In  the  parallel  of  60  degrees  north  latitude  there  are 
9 ’-  meridians  from  the  horizon  to  the  brafs  meridian,  hence 
the  longeft  day  is  18^  hours  ; and,  in  the  fame  degree  of 
fouth  latitude  there  are  only  meridians,  the  length  of  the 
fhorteft  day  is  therefore  54  hours. 
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By  turning  the  globe  gently  round  on  its  axis  from 
taeatl  we  lhall  readily  perceive  that  the  fun  will  be  vertical 
to  all  the  inhabitants  under  the  tropic  of  Cancer  as  the  pla- 
ces fuccellively  pafs  the  brafs  meridian. 

II  any  place  be  brought  to  the  brafs  meridian,  the  num- 
ber of  degrees  bitwcen  that  place  and  the  horizon  (reckoned 
the  nearell  way)  will  (hew  the  fun’s  meridian  altitude. 
Thus,  at  London,  the  fun’s  meridian  altitude  will  be  found 
to  be  about  62  degrees,  at  Peterfburg  54^  degrees,  at  Ma- 
drid 73  degrees,  &c.  To  the  inhabitants  of  thefe  places 
the  fun  appears  due  fouth  at  noon.  At  Madras  the  fun’s 
meridian  altitude  will  be  79^  degrees,  at  the  Cape  of  Good 
Hope  32  degrees,  at  Cape  Horn  degrees,  &c.  The 
fun  will  appear  due  north  to  the  inhabitants  of  thefe  places 
at  noon.  If  the  fouthern  extremity  of  Spitzbergen,  in  lati- 
tude ']6\  north,  be  brought  to  that  part  of  the  brafs  meri- 
dian which  is  numbered  from  the  equator  towards  the  poles, 
the  fun’s  meridian  altitude  will  be  37  degrees,  which  is  its 
greatell  altitude  ; and  if  the  globe  be  turned  eaftward  twelve 
houi;s,  or  till  Spitzbergen  comes  to  that  part  of  the  brafs 
meridian  which  is  numbered  from  the  pole  towards  the 
equator,  the  fun’s  altitude  will  be  10  degrees,  which  is  it*, 
lealt  altitude  for  the  day  given  in  the  problem.  It  was 
Ihewn,  in  tim  foregoing  part  of  the  problem,  that,  when 
the  fun  is  vertically  over  the  equator  in  the  vernal  equinox, 
the  north  pule  begins  to  be  enlightened,  confcquently  the 
farther  the  fun  apparently  proceeds  in  Its  courfe  northward, 
the  more  day-light  will  be  difluled  over  tlie  north  polar  re- 
gions, and  the  fun  will  appear  gradually  to  increafe  in  alti- 
tude at  the  north  pole,  till  the  21ft  of  June,  when  his 
greatell  height  is  23^  degi-ees  ; he  will  then  gradually'  di- 
minifh  in  height  till  the  23d  of  September,  the  time  of  the. 
autumnal  equinox,  when  he  will  leave  the  north  pole  and 
proceed  towards  the  fouth  ; confcquently  the  fun  has  been 
vifible  at  the  north  pole  for  fix  months. 

3.  For  th  e Wimter  Solstice. — The  winter  folftlcc, 
to  the  inhabitants  of  north  latitude,  happens  on  the^2ill  of 
December,  when  the  fun  enters  Capricorn,  at  which  time 
his  declination  is  23°  28'  fouth.  Elevate  the  fouth  pole  23^ 
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degrees  above  the  fouthem  point  of  the  honzon,  bring  the 
fign  of  Capricorn  in  the  ecliptic  to  the  brafs  meridian,  and 
over  that  degree  of  the  brafs  meridian  under  which  this  fign 
fiands  let  the  fun  be  fuppofed  to  be  fixed  at  a conliderable 
diftance  from  the  globe. 

Here  as  at  the  fummer  folftice,  the  da)^  at  the  equator 
will  be  twelve  hours  long,  but  the  equinoAial  point  Aries 
will  be  in  the  eaftern  part  of  the  horizon,  and  Libra  in  the 
weftern.  From  the  equator  fouthward,  as  far  as  the  An- 
tarctic circle,  the  diurnal  arches  will  exceed  the  noSurnal 
arches.  All  the  parallels  of  latitude  wdthin  the  Antarctic 
circle  will  be  wholly  above  the  horizon.  From  the  equator 
northward,  the  noBurnal  arches  will  exceed  the  diurnal 
arches.  All  the  parallels  of  latitude  within  the  ArCtic  circle 
yill  be  wholly  below  the  horizon.  The  inhabitants  fouth 
of  the  equator  will  now  have  their  longeft  day,  while  thofe 
on  the  north  of  the  equator  will  have  their  fhorteft  day. 

As  the  globe  turns  on  its  axis  from  weft  to  eaft,  the  fun 
yill  be  vertical  fucceflively  to  all  the  inhabitants  under  the 
tropic  of  Capricorn.  By  bringing  any  place  to  the  brafs 
meridian,  and  finding  the  fun’s  meridian  altitude  (as  in  the 
foregoing  part  of  the  problem),  the  greateft  altitudes  will  be 
in  fouth  latitude,  and  the  leaft  in  the  north  ; contrary  to 
what  they  were  before.  Thus,  at  London,  the  fun’s 
greateft  altitude  will  be  only  15  degrees,  inftead  of  62  ; and 
his  greateft  altitude  at  Cape  Horn  will  now  be  57^  degrees, 
inftead  of  lO'^,  as  at  the  fummer  folftice  : hence  it  appears, 
that  the  difference  between  the  fun’s  greateft  and  leaft  me- 
ridian altitude  at  any  place  in  the  temperate  zones,  is  equal 
to  4)ie  breadth  of  the  torrid  zone,  viz.  47  degrees,  or  more 
correClly,  46 ’56'.  On  the  23d  of  September,  when  the 
fun  enters  Libra,  that  is,  at  the  time  of  the  autumnal  equi- 
nox, the  fouth  pole  begins  to  be  enlightened,  and,  as  the 
fun’s  declination  increafes  fouthward,  he  will  ftiine  farther 
over  the  fouth  pole,  and  gradually  increafe  in  altitude  at 
the  pole  ; for,  at  all  times,  his  altitude  at  either  pole  is  equal 
to  his  declination.  On  the  21ft  of  December  the  fun  will 
have  the  greateft  fouth  declination,  after  which  his  altitude 
at  the  fouth  pole  will  gradually  diminifh  as  his  declination 
■dirnintlhes  j and  on  the  2tft  of  March,  when  the  fun’s  de- 
clination 
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clination  is  nothing,  he  will  appear  to  lldm  along  the  hori- 
zon at  the  fouth  pole,  and  like  wife  at  the  north  pole  ; the 
fun  has  therefore  been  vifible  at  the  fouth  pole  for  iix 
months. 

Problem  XXII. 

To  place  the  globe  tn  the  fame  Jituatiotty  with  respect  to 
THE  -Polar  Star  in  the  heavens,  as  our  earth  is  to  the 
inhabitants  of  the  equator,  viz.  to  ilhtflrate  the  three 

pqfxtions  of  the fphere,  right,  parallel,  oblique, 
fo  as  to  fhenv  the  comparative  length  of  the  longejl  and JhorteJl 
days *  *• 

I.  For  THE  Right  Sphere. — The  inhabitants  who 
live  upon  the  equator  have  a right  fphere,  afid  the  north 

polar 


• In  this  problem,  and  in  all  others  where  the  pole  is  elct-ated  to  il-.e 
latitude  of  a given  place,  the  earth  is  fiippclcd  to  be  fixed,  and  the  lun  ?.•, 
move  round  it  from  eafl  to  weft.  When  the  given  place  is  brottght  to  tlic 
brafs  meridi.in,  the  wooden  horizon  is  the  true  rniioiial  horizon  of  that 
place,  but  it  does  not  feparate  the  enlightened  part  of  the  globe  from  tl;e 
dark  part,  as  in  the  preceding  problem.  Mr.  Adam  Walker,  le<tlurer 
in  philoTophy,  in  his  “ Eafy  Introdudlion  to  Geograpliy,”  difapprovet  ol' 
this  method  of  elevating  the  pole.  He  fays  ; Simplicity  and  peilpicuity 
“ Ihould  ever  he  lludied  by  thofe  who  cultivate  the  young  mind  ; and 
“ jarring,  oppofing,  or  equivocal  ideas,  fliould  be  avoided  almoft  as  much 
“ as  error  orfallehood.  Our  gbbes,  till  of  late  years,  were  equipt  wirit 
“ an  hour  circle,  which  prevented  the  pwles  from  lading  through  the 
“ horizon  ; hence  their  redlification  was  ge  crally  for  the  plave  on  the 
•'  earth,  inftead  of  the  fun  s place  in  the  ecliplis  ; wliich  put  the  globe  in  fo 
“ unnatural  and  abfurii'i  pofitiou  rcfpecting  the  I'un,  that  young  peoj>le 
“ were  confounded  when  they  comiiared  it  with  the  earth’s  pofitiou  dur, 

* ing  its  annual  rot.ition  round  that  luniinaiy,  and  ccnfidcfing  the  hori- 
“ zon  as  the  boundary  of  day  and  night.  Being,  therefore,  fometimes 
“ obliged  to  redtify  for  the  place  on  the  earth,  and  I'ometimos  for  the 
“ fun’s  place  in  the  ecliptic,  the  two  rules  clalh  fo  unhappily  in  the  pu- 
“ pil’s  mind,  th.at  few  remember  a fingle  problem  a twelvemonth  after 
“ the  end  of  their  tuifioni”  it  will  certainly  be  admitted  that  jarrii.g, 
oppofing,  or  equivocal  ideas,  Iliuuid  be  avoided,  and  that  peilpicuity 
(hould  be  the  ftudy  of  every  tutor ; but  there  is  nothing  either  abferd  or 
unnatural  in  elevating  tlie  pole  to  the  latitude  of  the  place  an  the  earth ; for 
this  is  placing  the  globe  in  its  true  lituation  refpedling  the  heavens  andth? 
fixed  ftars : befides,  in  explaining  the  principles  of  dialling,  and  ether 
frc'blems  where  the  globe  is  expofed  to  the  fun’s  rays,  the  pole  muf.  he 
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polar  liar  appears  always  in  (or  very  near)  the  horizon. 
, Place  the  two  poles  of  the  globe  in  the  horizon,  then  tlie 
north  pole  will  correfpond  with  the  north  polar  liar,  and  all 
the  heavenly  bodies  will  appear  to  revolve  round  the  earth 
from  call  to  weft,  in  circles  parallel  to  the  equinodlial,  accord- 
ing to  their  different  declinations : One  half  of  the  ftarry 
heavens  will  be  conftantly  above  the  horizon,  and  the  other 
half  below,  fo  that  the  ttars  will  be  vifible  for  twelve  hours, 
and  invifible  for  the  fame  fpace  of  time  ; and,  in  the  courfe 
of  a year,  an  inhabitant  upon  the  equator  may  fee  all  the 
Itars  in  the  heavens.  The  ecliptic  being  drawn  on  the  ter- 
reftrial  globe,  young  ftudents  are  often  led  to  imagine  that 
the  fun  apparently  moves  daily  round  the  earth  in  the  fame 
oblique  manner.  To  correft  this  falfe  idea,  we  mull  fup- 
pole  the  ecliptic  to  be  transferred  to  the  heavens,  where  it 
properly  points  out  the  fun’s  apparent  annual  path  amongll 
the  fixed  liars.  The  fun’s  diurnal  path  is  either  over  the 
equator,  as  at  the  time  of  the  equinoxes,  or  in  lines  nearly 
parallel  to  the  equator  : this  may  correclly  be  illuftrated  by 
faftening  one  end  of  a piece  of  packthread  upon  the  point 
Aries  on  the  equator,  and  winding  the  packthread  round 
the  globe  towards  the  right  hand,  fo  that  one  fold  may 
touch  another,  till  you  come  to  the  tropic  of  Cancer  ; thus 
you  will  have  a coiredl  ^^ew  of  the  fun’s  apparent  diurnal 
path  from  the  vernal  equinox  to  the  fummer  folftice  ; for, 
after  a diurnal  revolution,  the  fun  does  not  come  to  the  fame 
point  of  the  parallel  whence  it  departed,  but,  according  as 
it  approaches  to  or  recedes  from  the  tropic,  is  a little  above 
or  below  that  point.  When  the  fun  is  in  the  equinodlial,  he 
will  be  vertical  to  all  the  inhabitants  upon  the  equator,  and 


ejevatcd  to  the  latitude  of  the  place,  as  will  be  fliewn  in  fome  of  the  fuc- 
ceeding  problems.  I he  pupil  who  wilhes  to  make  himfelf  corrp’et.ly 
mafter  of  the- globes,  muft  endeavour  to  comprehend,  why  he  fometintei 
elevates  the  pole  to  the  latitude  of  the  place,  and  at  others  to  tlie  fun’s  de- 
clination. A little  perfevcrance  will  loon  remove  all  jarring  and  equivocal 
ideas  from  his  mind,  and,  inliead  of  forgeting  the  problems  in  a twelve- 
mouth,  he  will  remember  ti’.em  as  long  as  he  retains  his  faculties  : 
H What  we  acquire  whh  difficulty  we  remember  with  eafe  and  nothing 
but  a lupcrficial  knowledge  of  any  (ijbjedl  can  be  obtained  without  clofe 
apphcaiiou  and  aitcucion. 
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his  apparent  diurnal  path  will  be  over  that  line : when  the 
fun  has  ten  degrees  of  north  declination,  his  apparent  diur- 
nal path  will  be  from  eaft  to  weft  nearly  along  that  parallel. 
When  the  fun  has  arrived  at  the  tropic  of  Cancer,  his  diur- 
nal path  in  the  heavens  will  be  along  that  Kne,  and  he  will 
be  vertical  to  all  the  inhabitants  on  the  earth  in  latitude 
23'’  28'  north.  The  inhabitants  upon  the  equator  will  al- 
ways have  twelve  hours  day  and  twelve  hours  night,  nol- 
withftanding  the  variation  of  the  fun^s  declination  from 
north  to  fouth,  or  from  fouth  to  north  j becaufe  the  paraMel 
of  latitude  which  the  fun  appai'ently  defcribes  for  any  day 
will  always  be  cut  into  two  equal"  parts  by  the  horizon. 
The  greateft  meridian  altitude  of  the  fun  will  be  90“,  and 
the  leaft  66»  32'-  During  one  half  of  the  year,  an  inha- 
bitant on  the  equator  will  fee  the  fun  full  north  at  noon, 
and  during  the  other  half  it  will  be  full  fouth. 

2.  For  the  Parallel.  Sphere. — The  inhabitants 
(if  any)  who  live  at  the  north  pole,  have  a parallel  fphere 
and  the  north  polar  ftar  in  the  heavens  appears  exaflly 
(or very  nearly),  over  their  heads.  Elevate  the  north 
pole  ninety  degrees  above  the  horizon,  then  the  equator 
will  coincide  with  the  horizon,  and  all  the  parallels  of  lati- 
tude will  be  parallel  thereto.  In  the  fummer  half  year, 
that  is  from  the  vernal  to  the  autumnal  equinox,  the  fua 
will  appear  above  the  horizon,  confequently  the  ftars  and 
planets  will  be  invifible  during  that  period.  When  the  fua 
enters  Anes,  on  the  21ft  of  March,  he  will  be  feen  by  th« 
inhabitants  of  the  north  pole  (if  there  be  any  inhabitants) 
to  fkim  juft  along  the  edge  of  the  horizon  ; and,  as  he  iu- 
creafes  in  declination,  he  will  increafe  in  altitude,  forming 
a kind  of  fpiral,  as  before  defcribed,  by  wrapping  a thread 
round  the  globe.  The  fun’s  altitude  at  any  particular  hour 
is  always  equal  to  his  declination.  The  greateft  altitude 
the  fun  can  have  is  23*28  , at  which  time  he  has  arrived  at 
the  tropic  of  Cancer  ; after  w'hich  he  will  gradually  de- 
creafe  in  altitude  as  his  declination  decreafes.  When  the 
fun  arrives  at  the  lign  Libra,  he  will  again  appear  to  fltim 
along  the  edge  of  the  horizon,  after  which  he  will  totally 
difappear,  having  been  above  the  horizon  for  lix  months. 
Though  the  inhabitaBts  at  the  north  pole  will  lofe  fight  of 
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the  fun  a fliort  time  after  the  autumnal  equinox,  yet  the 
twilight  will  continue  for  nearly  two  months  ; for  the  fun 
will  not  be  i S'*  below  the  horizon  till  he  enters  the  20th  of 
Scorpio,  as  may  be  feen  by  the  globe. 

After  the  fun  has  defeended  i8°  below  the  horizon,  all 
he  ftars  in  the  northern  hemifphere  will  become  vilible, 
and  appear  to  have  a diurnal  revolution  round  the  earth 
from  call  to  weft,  as  the  fun  appeared  to  have  when  he  was 
above  the  horizon.  Thefe  ftars  will  not  fet  during  the 
winter  half  of  the  year  ; and  the  planets,  when  they  are  in 
any  of  the  northern  figns,  will  be  vifible.  The  inhabitants 
under  the  north  polar  liar  have  the  moon  conftantly  above 
tiieir  horizon  during  fourteen  revolutions  of  the  earth  on  it* 
axis,  and  at  every  full  moon  w^hich  happens,  from  the  23d 
of  September  to  the  21ft  of  March,  the  moon  is  in  fome  of 
the  northern  figns,  and  confequently  vifible  at  the  north 
pole  -;  for  the  fun  being  below  the  horizon  at  that  time,  the 
moon  mull  be  above  the  horizon,  becaufe  Ihe  is  always  in 
that  fign  which  is  diametrically  oppofite  to  the  fun  at  the 
time  of  full  moon. 

When  the  fun  is  at  his  greateft  depreflion  below  the  ho- 
rizon, being  then  in  Capricorn,  the  moon  is  at  her  First 
Quarter  in  Aries  : Full  in  Cancer ; and  at  her  Third 
Quarter  in  Libra  : and  as  the  beginning  of  Aries  is  the 
rifing  point  of  the  ecliptic.  Cancer  the  higheft,  and  Libra 
the  fetting poiilt,  the  moon  rifes  at  her  First  Quarter 
in  Aries,  is  moft  elevated  above  the  horizon  and  Full  in 
Cancer,  and  fets  at  the  beginning  of  Libra  in  her  Third 
Quarter  ; having  been  vifible  for  fourteen  revolutions  of* 
the  earth  on  its  axis,  viz.  during  the  moon’s  palTage  from 
Aries  to  Libra.  Thus  the  north  pole  is  fupplied  one  half ' 
of  the  winter  time  with  conftant  moonlight  in  the  fun’s  ab-  . 
fence  ; and  the  inhabitants  only  lofe  figlit  of  the  moon  from  i 
her  Third  to  her  First  Quarter,  while  file  gives  bu)t 
little  light,  and  can  be  of  little  or  no  fervice  to  them. 

3.  For  the  Oblique  Sphere. — Whenever  the  ter-- 
reftial  globe  is  placed  in  a proper  fituation  with  rcfpedl  to  1 
the  fixed  ftars,  the  pole  muft  be  elevated  as  many  degrees  1 
above  the  horizon  as  are  equal  to  the  latitude  of  the  given  1 
pbee,  and  the  north  pole  of  the  globe  muft  point  toi 
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the  north  polar  ftar  in  the  heavens  ; for  in  failing,  or  tra- 
velling from  the  equator  northward,  the  north  polar  ftar 
appears  to  rife  higher  and  higher.  On  the  equator  it  will 
appear  in  the  horizon  ; in  ten  degrees  of  north  latitude  it 
will  be  ten  degrees  above  the  horizon  ; in  twenty  degrees 
of  north  latitude  it  will  be  twenty  degrees  above  the  hori- 
zon; and  fo  on,  always  increafing  in  altitude  as  the  lati- 
tude increafes.  Every  inhabitant  of  the  earth,  except  thole 
who  live  upon  the  equator,  or  exa<ftly  under  the  north  polar 
ftar,  has  an  oblique  iphere,  viz.  the  equator  cuts  the  hori- 
zon obliquely.  By  elevating  and  deprelling  the  poles,  in 
feveral  problems,  a young  ftudent  is  fometimes  led  to  ima- 
gine that  the  earth’s  axis  moves  northward  and  fouthward 
juft  as  the  poleisraifed  or  deprefled  : this  is  a miftake,  the 
earth’s  axis  has  no  fuch  motion  ♦.  In  travelling  from  the' 
equator  northward,  our  horizon  varies  ; thus,  when  we  are 
on  the  equator,  the  northern  point  of  our  horizon  is  ex- 
adfly  oppofite  the  north  polar  ftar  ; when  we  have  tra- 
velled to  ten  degrees  north  latitude,  the  north  point  of  our 
horizon  is  ten  degrees  below  the  pole,  and  fo  dn  : now,  the 
wooden  horizon  on  the  terreftial  globe  is  immoveable, 
otherwife  it  ought  to  be  elevated  or  deprefled,  and  not  the 
pole  ; but  whether  we  elevate  the  pole  ten  degrees  above 
the  horizon,  or  deprefs  the  north  point  of  the  horizon  ten 
degrees  below  the  pole,  the  appearance  will  be  exadUy  the 
fame. 

The  latitude  of  London  is  about  51^  degrees  north  : if 
London  be  brought  to  the  brafs  meridian,  and  the  north 
pole  be  elevated  51-I  degrees  above  the  north  point  of 
the  wooden  horizon,  then  the  wooden  horizon  will  be  tha 
true  horizon  of  London  ; and,  if  the  artificial  globe  be 
placed  exactly  north  and  fouth  by  a mariner’s  compafs, 
or  by  a meridian  line,  it  will  have  exaSly  the  pofition 
which  the  real  globe  has.  Now,  if  we  imagine  lines  to 
be  drawn  through  every  degree  j-  within  the  torrid  zone, 
parallel  to  the  equator,  they  will  nearly  reprefent  the 


* The  earth’s  axis  has  a kind  of  librating  motion,  called  the  nutath’i 
but  this  cannot  be  reprefejited  by  elevating  or  deprelling  the  pole- 
•j-,  Such  line*  are  drawn  on  Adams’  globes. 
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fun’s  diurnal  path  on  any  given  day.  By  comparing  thcfe 
diurnal  paths  with  each  other,  they  will  be  found  to  increafe 
in  length  from  the  equator  northu-ard,  and  to  decreafe  in 
length  from  the  equator  fouthward  ; confcquently,  when 
the  fuu  is  north  of  the  equator,  the  days  are  increafingin 
length  ; and  when  fouth  of  the  equator,  the  days  are  de- 
creafing.  The  fun’s  meridian  altitude  for  any  day  may  be 
found  by  counting  the  number  of  degrees  from  the  parallel 
in  which  the  fun  is  on  that  day,  towards  the  horizon,  upon 
the  brafs  meridian  ; thus,  when  the  fun  is  in  that  parallel 
of  latitude  which  is  ten  degrees  north  of  the  equator,  his 
meridian  altitude  will  be  48'|  degrees.  Though  the  wooden 
horizon  be  the  true  horizon  of  the  given  place,  yet  it  docs 
not  feparate  the  enlightened  hemifphere  of  the  globe  from 
the  dark  hemifphere,  when  the  pole  is  thus  elevated.  For 
inftance  when  the  fun  Is'in  Arles,  and  London  at  the  meri- 
dian, all  the  places  on  the  globe  above  the  horizon  beyond 
thofe  meridians  which  pafs  tlmough  the  eaft  and  weft  points 
thereof,  reckoning  towards  the  north,  arc  in  darknefs,  not- 
w ithftanding  they  are  above  the  horizon  ; and  all  places 
below  the  horizon,  between  thofe  fame  meridians  and  the 
fouthern  point  of  the  horizon,  have  day-light,  notvyith- 
ihiiiding  they  are  below  the  horizon  of  London. 

“ Problem  XXIIl. 

The  month  and  day  of  the  month  being  given,  to  fnd  all  plates 
of  the  earth  •where  the  fun  is  vertical  on  that  day  ; thofe 
places  •where  the  fun  does  not  fet,  and  thofe  places  •where  la 
does  not  not  rife  on  the  given  day. 

Rule.  Find  the  fun’s  declination  (by  Problem  XX.) 
for  the  given  day,  and  mark  it  on  the  brafs  meridian  ; turn 
the  globe  round  on  its  axis  from  weft  to  eaft,  and  all  the 
places  which  pafs  under  this  mark  will  have  the  fun  vertical 
on  that  day. 

Secondly.  Elevate  the  north  or  fouth  pole,  according  as 
the  fun’s  declination  is  north  or  fouth,  fo  many  degrees 
above  the  horizon  as  are  equal  to  the  fun’s  declination  ; 
turn  the  globe  on  its  axis  from  weft  to  eaft  ; then,  to  thofe 
places  which  do  not  defeend  below  the  horizon,  in  that  frigid 

• zone 
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zone  near  the  elevated  pole,  the  fun  does  not  fet  on  the 
given  day  : and  to  thofe  places  which  do  not  afcend  above 
the  horizon,  in  that  frigid  zone  adjoining  to  the  depreffed 
pole,  the  fun  does  not  rile  on  the  given  day. 

Or,  by  the  analemma. 

Bring  the  analemma  to  that  part  of  the  brafs  meridian 
which  is  numbered  from  the  equator  towards  the  poles,  the 
degree  direftly  above  the  day  of  the  month,  on  the  braf* 
meridian,  is  the  fun’s  declination.  Elevate  the  north  or 
fouth  pole,  according  as  the  fun’s  declination  is  north  or 
fouth,  fo  many  degrees  above  the  horizon  as  are  equal  to 
the  fun’s  declination  ; turn  the  globe  on  its  axis  from  weft, 
to  eaft,  then  to  thofe  places  which  pafs  under  the  fun’s  de- 
clination on  the  brafs  meridian  the  fun  will  be  vertical  ; to. 
thofe  places  (in  that  frigid  zone  near  the  elevated  pole) 
which  do  not  go  below  the  horizon,  the  fun  does  not  fet  j 
and  to  thofe  places  (in  that  frigid  zone  near  the  depreffed 
pole)  which  do  not  come  above  the  horizon,  the  fun  does 
not  rife  on  the  given  day. 

Examples,  i.  Find  all  places  of  the  earth  where  the 
fun  is  vertical  on  the  1 1 th  of  May,  thofe  places  in  the  north 
frigid  zone  where  the  fun  does  not  fet,  and  thofe  places 
in  the  fouth  frigid  zone  ^Vhere  he  does  not  rife. 

Anfiver.  The  I'un  is  vertical  to  St.  Anthony,  one  of  the  Cape  Verd 
id-nds,  the  Virgin  Iflands,  fouth  of  St.  Domingo,  Jamaica,  Golconda,  &c. 
All  places  within  eighteen  degrees  of  the  north  pole  will  have  condaat 
day;  and  thofe  ^ifany)  within  eighteen  degrees  of  the  fouth  pole  will  hav« 
conUant  night. 

2.  Whether  does  the  fun  fhine  over  the  north  or  fouth 
pole  on  the  27th  of  of  0<ftober,  to  what  places  will  he  be 
vertical  at  noon,  what  inhabitants  of  the  earth  will  have  the 
fun  below  their  horizon  during  feveral  revolutions,  and 
to  what  part  of  the  globe  will  the  fun  never  fet  on  that 
day  ? 

5.  Find  all  the  places  of  the  earth  where  the  inhabitants 
have  no  fhadow  when  the  fun  is  on  their  meridian,  on  the 
firft  of  June. 

4.  What  inhabitants  of  the  earth  have  their  fhadows  di- 
ye£led  to  every  point  of  the  compafs  during  a revointion  of 
the  earth  on  its  axis  on  the  15  th  of  July  ? 

' X 5 5.  Flow. 
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5.  How  far  does  the  fun  fliine  over  the  fouth  pole  on  the 
14th  of  November,  what  places  in  the  north  frigid  zone 
are  in  perpetual  da^nefs,  and  to  what  places  is  the  fun  ver- 
tical ? 

6.  If  the  fun  be  vertical  in  any  place  on  the  15th  of 
April  how  many  days  will  elapfe  before  he  is  vertical  a fe- 
cond  time  at  that  place  ? 

7.  If  the  fun  be  vertical  at  any  place  on  the  20th  of  Au- 
how  many  days  will  elapfe  before  he  is  vertical  a fe- 
cund time  at  that  place  ? 

8.  Find  all  places  of  the  earth  where  the  moon  will  bf 
vertical  on  the  15th  of  May  1808.  * 


Problem  XXIV. 

^ pfare  being  givin  in  the  torrid  xone,  to  find  thofe  two  days 
of  the  year  oh  which  the  fun  will  be  vertical  at  that  place. 

Rule.  Bring  the  given  place  to  that  part  of  the  brafs 
me ridian  which  is  numbered  from  the  equator  towards  the 
poles,  and  mark  its  latitude  ; turn  the  globe  on  its  axis, 
and  obferve  what  two  points  of  the  ecliptic  pafs  under  that 
latitude  ; feek  thofe  points  of  the  ecliptic  in  the  circle  of 
fij^ns  on  the  horizon,  and  exactly  again!!  them,  in  the  circle 
ef  montlis.  Hand  the  days  required. 

Or,  by  the  analemma. 

> Find  the  latitude  of  the  given  place  (by  Problem  I.),  and 
mark  it  on  the  brafs  meridian  ; bring  the  analemma  to  the 
brafs  meridian,  upon  which,  exaftly  under  the  latitude, 
will  be  found  the  two  days  required. 

Examples,  i.  On  what  two  days  of  the  year  will  the 
fun  be  vertical  at  Madras. 

An/iuer.  On  the  15th  of  April  and  on  the  1 8th  of  Auguft. 


* To  perform  this  example,  find  the  moon’s  declination  on  the  given 
day  in  the.  Nautical  Almanac,  or  White’s  Ephemeris,  and  mark  idjon  the 
hrafs  meridian,  all  places  padihg  under  that  degree  of  declination  will  have 
the  moon  vertical  or  nearly  fo,  on  the  given  day.  The  moon’s  declina- 
tion at  midnight  on  tlie  ijth  of  May  i8o8  is  14°  34'  fouth. 


2.  On 
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2.  On  what  two  days  of  the  year  is  the  fun  vertical  at 
the  following  places  ; 

O’why’h'ee  St.  Helena  Sierra  Leone 

Friendly  Ifles  Rio  Janeiro  Vera  Cruz 

Straits  of  Alafs  Quito  Manilla 

Penang  Barbadoes  Tinian  Ifle 

Trincomale  Porto  Bello  Pelew  Iflands 


Problem  XXV. 


The  month  and  the  day  of  the  month  being  given  (^at  any  place 
not  in  the  frigid  zones),  to  find  <what  other  day  of  the  year 
is  of  the fame  length. 

Rule.  Find  the  fun’s  place  in  the  ecliptic  for  the  given 
day  (by  Problem  XX.),  bring  it  to  the  brafs  meridian,  and 
obferve  the  degree  above  it ; turn  the  globe  on  its  axis  till 
fome  other  point  of  the  ecliptic  falls  under  the  fame  degree 
of  the  meridian  ; find  this  point  of  the  ecliptic  on  the  hori- 
zon, and  directly  againft  it  you  will  find  the  day  of  the 
month  required. 

Tbit  problem  may  be  performed  by  the  eelejlial  globe  in  toe  fame  manner. 


Or,  by  the  analemma. 

Look  for  the  given  day  of  the  month  on  the  analemma, 
and  adjoining  to  it  you  will  find  the  req^uired  day  of  the 
month. 


Or,  without  a globe. 

Any  two  days  of  the  year  which  are  of  the  fame  length, 
will  be  an  equal  number  of  days  from  the  longeft  or  fhorteft 
day.  Hence,  whatever  number  of  days  the  given  day  is  be- 
fore the  longeft  or  Ihorteft  day,  juft  fo  many  days  will 
the  required  day  be  after  the  longeft  or  Ihorteft  day,  et 
contra. 

Examples,  i.  What  day  of  tlie  year  is  of  the  fame 
length  as  the  25th  of  April  ? 

Anfxvf.  'ihe  i8th  of  Auguft. 

2.  'What  day  of  the  year  is  of  the  fame  length  as  the 
2ctho£MayJ 

^ k6  3*’ If 
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3.  If  tUe  fun  rife  at  four  o’clock  in  the  morning  at  Lon- 
don on  the  17th  of  July,  on  what  other  day  of  the  year 
will  it  rile  at  the  fame  hour  ? 

4.  If  the  fun  fet  at  feven  o’clock  in  the  evening  at  Lon- 
don on  the  24th  of  Auguft,  on  what  other  day  of  the  year 
win  it  fet  at  the  fame  hour  ? 

5.  If  the  fun’s  meridian  altitude  be  90°  at  I’rincomale, 
in  the  ifland  of  Ceylon,  on  the  12th  of  April,  on  w’hat 
other  day  of  the  year  will  the  meridian  altitude  be  the 
fame  ? 

6.  If  the  fun’s  meridian  altitude  at  London,  on  the  25th 
of  April  be  51°  3 5', on  what  other  day  of  the  year  will  the 
meridian  altitude  be  the  fame  ? 


Problem  XXVI. 

The  month,  day,  and  hour  of  the  day  being  given , to find  'where 
the  fun  is  vertical  at  that  inflant. 

Rule.  Find  the  fun’s  declination  (by  Problem  XX.), 
and  mark  it  on  the  brafs  meridian  ; bring  the  given  place 
to  the  brafs  meridian,  and  fet  the  index  of  the  hour  circle 
to  twelve  ; then,  if  the  given  time  be  before  noon,  turn  the 
^lobe  'wejl'ward  as  many  hours  as  it  wants  of  noon  ; but,  if 
the  given  time  be  pall  noon,  turn  the  globe  eajl'ward  as 
many  hours  as  the  time  is  paft  noon  ; the  place  exaftly  under 
the  degree  of  the  fun’s  declination  will  be  that  fought. 

Examples.  i.When  it  is  forty  minutes  paft  fix  o’clock 
in  the  morning  at  Loudon,  on  the  25th  of  April,  where  is 
the  fun  vertical  ? 

Anfwer.  Here  the  given  time  is  five  hours  twenty  minutes  before  noon; 
hence  the  globe  muft  be  turned  towards  the  'iueji  till  the  index  has  pafTed 
over  five  hours  twenty  minutes *  **,  and  under  the  fun’s  declination  on  the 
brafs  meridian  you  will  find  Madras,  the  place  required. 


* If  the  hour  circle  be  not  divided  to  twenty  minutes,  turn  the  globe 
til!  the  index  has  pafTed  over  five  hours  and  a quarter,  by  turning  it  a de- 
g/’ce  and  a quarter  farther  to  the  weft  (anfweringto  five  minutes  of  time) 

she  folution  will  be  exadh  See  tlie  note  to  die  next  problem.  The  de- 
grees mull  be  counted  on  the  equator. 


2.  Whei» 
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2.  When  it  is  four  o’clock  in  the  afternoon  at  London, 
on  the  1 8th  of  Auguft,  where  is  the  fun  vertical  ? 

Anfiuer.  Here  the  given  time  is  four  hours  paft  noon  ; hence  the 
globe  mud  be  turned  towards  the  eaj},  till  the  index  has  ptfled  over  four 
hours;  then,  under  the  fun’s  declination,  you  will  tuid  fiarbadoes,  the 
place  required. 

3.  W’hen  it  is  three  o’clock  in  the  afternoon  at  London, 
on  the  4th  of  January,  where  is  the  fun  vertical  ? 

4.  When  it  is  three  o’clock  in  the  morning  at  London 
on  the  I ith  of  April,  w’here  is  the  fun  vertical  ? 

5.  When  it  is  thirty-feven  minutes  pall  one  o’clock  in 
the  afternoon  at  the  Cape  of  Good  Hope,  on  the  5th  of  Fe> 
bruary  where  is  the  fun  vertical  ? 

6.  When  it  is  eleven  minutes  pall  one  o’clock  in  the  af- 
ternoon at  London,  on  the  29th  of  April,  where  is  the  fua 
vertical  ? 

7.  When  it  is  twenty  minutes  pall  five  o’clock  in  the 
afternoon  at  Philadelphia,  on  the  i8th  of  May,  where  is  the 
fun  vertical  ? 

8.  When  it  is  nine  o’clock  in  the  morning  at  Calcutta, 
on  the  I ithof  April,  where  the  fun  is  vertical  ? 

Problem  XXVII.  ; 

The  month,  day,  and  hour  of  the  day  at  any  place  being  giveoy 
to  fndall  thofe  places  of  the  earth  tvhere  the  fun  is  rifing, 
thofe  places  inhere  the  fun  is  fetting,  thofe  places  that  have 
noon,  that  particular  place  -where  the  fun  is  vertical,  thofe 
places  that  have  morning  t wilight,  thofe  places  plmt  have 
evening  t wilight,  and  thofe  places  that  have  midnight. 

Rule.  Find  the  fun’s  declination  (by  Problem  XX.) 
and  mark  it  on  the  brafs  meridian  ; elevate  the  north  or 
fouth  pole,  according  as  the  fun’s  declination  is  north  or 
fouth,  fo  many  degrees  above  the  horizon  as  are  equal  to 
the  fun’s  declination  ; bring  the  given  p’ace  to  the  brafs 
meridian,  and  fet  the  index  of  the  hour  circle  to  twelve  ; 
then,  if  the  given  time  be  before  noon,  turn  the  globe  wejl- 
ward  as  many  hours  as  it  wants  of  noon  ; bat,  if  the  given 
time  be  pall  noon,  turn  the  globe  eaftward  as  many  hours 
as  the  time  is  pall  neon  ; keep  the  globe  in  this  pofition  ; 

then 
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then  all  places  along  the  weftem  edge  of  the  horizon  have 
the  fun  rifing ; thofe  places  along  the  eaftern  edge  have 
the  fun  fetting  ; thofe  under  the  brafs  meridian,  above  the 
horizon,  have  noon  ; that  particular  place  which  ftands  un- 
der the  fun’s  declination  on  the  brafs  meridian  has  the  fun 
vertical ; all  places  below  the  weftern  edge  of  the  horizon, 
within  eighteen  degrees,  have  morning  twilight  ; thofe  pla- 
ces which  are  below  the  eaftern  edge  of  the  horizon, 
within  eighteen  degrees,  have  evening  twilight  ; all  the 
places  under  the  brafs  meridian  below  the  horizon  have 
midnight ; all  the  places  above  the  horizon  have  day,  and 
thofe  below  it  have  night  or  twilight. 

• Examples.  When  it  is  fifty-two  minutes  paft  four 
o’clock  in  the  morning  at  London,  on  the  5th  of  March, 
find  all  places  of  the  earth  where  the  fun  is  rifing,  fetting, 
&c.  &c. 

Anfioer.  The  fun’s  declination  will  be  found  to  be  6^®  fouth  ; there- 
fore, elevate  the  fouth  pole  6^°  above  the  horizon.  The  given  time  being 
feven  hours  eight  minutes  before  noon  (~  la  h.  — 4 h.  52  m.)  the  globe 
mull  be  turned  towards  the  luejl  till  the  index  has  paffed  over  feven  hours 
eight  minutes*.  I.et  the  globe  be  fixed  in  this  pofition  ; then, 

The  Sun  is  rifing  at  the  wellern  part  of  the  White  Sea,  Peterlburg,  the 
Morea  in  Turkey,  &c. 

Setting  at  the  eaftern  coaft  of  Kamfchatka,  Jefus  ifiand,  Palmerfton, 
Ifland,  &c.  between  the  Friendly  and  Society  Iftands. 

Noon  at  the  lake  Baikal  in  Irkoutfk,  Cochin  China,  Cambodia,  Sunda 
Iftands,  Src. 

T trtical  at  Batavia. 

Morning  tnuiUght  at  Sweden,  part  of  Germany,  the  fouthem  part  ct 
Italy,  Sicily,  the  weftern  coaft  of  Africa  along  the  .Ethiopian  Ocean,  &c. 

Evening  tiviiight  at  the  north  weft  extremity  of  North  America,  the 
Sandwich  Iftands,  the  Society  Iftands,  &c. 

Midnight  at  Labrador,  New  York,  weftem  part  of  St.  Domingo,  Chili, 
and  the  weftern  coaft  of  South  America. 


* The  hour  circles,  in  general,  are  not  divided  into  parts  lefs  than  a 
quarter  of  an  hour,  but  the  odd  minutes  are  ealily  reckoned.  Iji  this  ex- 
ample having  turned  the  globe  weftward  till  the  index  has  paffed  over 
feven  hours,  then,  becaufe  four  minutes  of  time  make  one  degree,  reckon 
ivoo  degrees  on.the  equator  eaftward,  and  turn  the  globe  till  they  pafs  under 
the  brals  meridian. 
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3ay  at  the  eaAern  part  of  RuHia  in  Europe,  Turkey,  Egypt,  the  Cape 
of  Good  Hope,  and  all  the  eaftern  part  cf  Africa,  alitioft  the  whole  of  Afia, 

&c. 

Night  at  the  whole  of  North  and  South  America,  the  wellern  part  of 
Africa,  the  British  Ides,  France,  Spain,  Portugal,  &c. 

2*.  When  it  is  four  o’clock  in  the  afternoon  at  L.ondon, 
on  the  25th  of  April,  where  is  the  fun  riling,  fetting,  &c. 
&c. 

Anfwer.  The  fun’s  declination  being  13°  north,  the  north  pole  muft 
be  elevated  13®  above  the  horizon  ; and,  as  the  given  time  is  four  o’clock 
In  the  afternoon,  the  globe  muft  be  turned  four  hours  towards  the  taji  ; 
then  the  fun  will  be  rifmg  at  O’why’hee,  kc.  fetting  at  the  Cape  of  Good 
Hope,  &c.  it  will  be  noon  at  Buenos  Ayres,  &c  ; the  fun  will  be  vertical 
at  Barbadoes ; and,  following  the  direftions  in  the  problem,  all  the  other 
places  are  readily  found. 

3 . When  it  is  ten  o’clock  in  the  morning  at  London,  on 
the  longeft  day,  to  what  countries  is  the  fun  riling,  fet- 
ting, &c.  &c. 

4.  When  it  is  ten  o’clock  in  the  afternoon  at  Botany 
Bay,  on  the  15th  of  Oftober,  where  is  the  fun  rifmg,  fet- 
ting, &c.  &c. 

5.  When  it  i*  feven  o’clock  in  the  morning  at  Walhing- 
ton,  on  the  17  th  of  February,  where  is  the  Tun  riling,  fet- 
ting, &c.  &c. 

6.  When  it  is  midnight  at  the  Cape  of  Good  Hope  on 
the  27th  of  July,  where  is  the  fun  rifing,  fetting,  &c.  &c. 

Problem  XXVIII. 

To find  the  time  of  the  furfs  rifmg  and  fetting,  and  the  length  of 
the  day  and  night  at  any  place. 

Rule.  Find  the  fun’s  declination  (by  Problem  XX.), 
and  elevate  the  north  or  fouth  pole,  according  as  the  decli- 
nation is  north  or  fouth,  fo  many  degrees  above  the  horizon 
as  are  equal  to  the  fun’s  declination  ; bring  the  given  place 
to  the  brafs  meridian,  and  fet  the  index  of  the  hour  circle 
to  twelve  ; turn  the  globe  eafiward  till  the  given  place 
comes  to  the  ealtern  femi-circle  of  the  horizon,  and  the 
number  of  hours  pafled  over  by  the  index  will  be  the  time 
of  the  fun’s  fetting  ; deduft  thefe  hours  from  twelve,  and 
you  have  the  time  ofthe  fun’s  rifing  j becaufe  the  fun  rifes  as 

many 
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many  hours  before  twelve  as  it  fets  after  twelve.  Double 
the  time  of  the  fun’s  fetting  gives  the  length  of  the  day,  and 
double  the  time  of  riling  gives  the  length  of  the  night. 

By  the  fame  rule,  the  length  of  the  longejl  day,  at  all  places  not  in  the 
frigid  zones,  may  be  readily  found  ; for  the  longeft  day  at  all  places  in 
north  latitude  is  on  tlie  41ft  of  June,  or  when  the  fun.  enters  Cancer ; and 
the  longeft  day  at  all  places  in  fouth  latitude  is  on  the  aift  of  December 
or  when  the  fun  enters  the  fign  Capricorn. 

Or, 

Find  the  latitude  of  the  given  place,  and  elevate  the  north 
or  fouth  pole,  according  as  the  latitude  is  north  or  fouth,  fo 
many  degrees  above  the  horizon  as  are  equal  to  the  latitude  ; 
find  the  fun’s  place  in  the  ecliptic  (by  Problem  XX),  bring 
it  to  the  brafs  meridian,  and  fet  the 'index  of  the  hour  circle 
to  twelve  ; turn  the  globe  'ivejlivard  till  the  fun’s  place 
comes  to  the  weftern  femi-circle  of  the  horizon,  and  the 
number  of  hours  pafled  over  by  the  index  will  be  the  time 
of  the  fun’s  fetting  ; and  thefe  hours  taken  from  twelve  will 
' give  the  time  of  rifing  ; then,  as  before,  double  the  time 
of  fetting  gives  the  length  of  the  day,  and  double  the  time 
of  rifing  gives  the  length  of  the  night. 

Or,  by  the  analemma. 

Find  the  latitude  of  the  given  place,  and  elevate  the  north 
©r  fouth  pole,  according  as  the  latitude  is  north  or  fouth, 
the  fame  number  of  degrees  above  the  horizon  ; bring  the 
middle  of  the  analemma  to  the  brafs  meridian,  and  fet 
the  index  of  the  hour  circle  to  twelve  ; turn  the  globe  ivejl- 
•ward  till  the  day  of  the  month,  on  the  analemma  comes  to 
the  weftern  femi-circle  of  the  horizon,  and  the  number  of 
hours  paffed  over  by  the  index  will  be  the  time  of  the  fun’s 
fetting,  &c.  as  above. 

Examples,  i . What  time  does  the  fun  life  and  fet  at 
London  on  the  17th  of  July,  and  what  is  the  length  of  the 
day  and  ni^ht  ? 

Anfiver.  i'he  fun  fets  at  8 and  rifes  at  (la  — 8=)  4 ; the  length 
of  the  d.iy  is  i6  hours,  and  the  length  of  the  night  8.  'I  he  learner  will 
readily  perceive  that,  if  the  time  at  which  the  fun  rifes  be  given,  the  time 
at  which  it  fets,  together  with  the  length  of  the  day  and  night,  may  be 
found  without  a globe;  if  the  length  of  the  day  b«  given,  the  length  of 
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London,  17th  of  May? 
Gibraltar,  zadofjuly.? 
Edinburgh,  29th  January  ? 
Botany  Bay,  20th  February? 
Pekin,  20th  of  April? 


€hap,  I. 

the  night,  and  the  time  the  fun  rlfes  and  fets  may  be  found ; if  the  length 
of  the  night  be  given,  the  length  of  the  day  and  the  time  the  fun  rifeiand 
lets  are  eafily  known, 

2 . At  what  time  does  the  fun  rife  and  fet  at  the  following 
places,  on  the  refpeftive  days  mentioned,  and  what  is  the 
length  of  the  day  and  night  ? 

Cape  of  Good  Hope,  7 Dec.  ? 
Cape  Horn,  29th  January  ? 
Walhington,  15  December  ? 
Peterfourg,  24th  Odtober  ? 
‘Conftantmopie,  18  Auguft  ? 

3 Find  the  time  the  fun  rifes  and  fets  at  every  place  on 
the  furface  of  the  globe  on  the  21ft  of  March,  and  likewiie 
on  the  23d  of  September. 

4.  Required  the  length  of  the  longeft  day  and  fhorteft 
night  at  the  following  places  : 

I.ondon  Paris  Pekin 

Peterfburg  Vienna  Cape  Horn 

Aberdeen  Berlin  \V  alhington 

Dublin  Buenos  Ayres  Cape  of  Good  Hojjft 

Glafgow  Botany  Bay  Copenhagen 

5.  Required  the  lengths  of  the  fliorteft  day  and  longeft 
night  at  the  following  places  ; 

London  Lima  Paris 

Archangel  Mexico  O’why’hee 

O Taheitee  St.  Helena  Lilhou 

Quebec  Alexandria  Falkland  Ifland* 

6.  How  much  longer  is  the  21ft  of  June  at  Peterfburg 
than  at  Alexandria 

7.  How  much  longer  is  thc2xft  of  December  at  Alex* 
andria  than  at  Peterfburg  ? 

8.  At  what  time  does  the  fun  rife  and  fet  at  Spitzbergen 
on  the  5 th  of  April. 
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Problem  XXIX. 

The  length  of  the  day  at  any  place  being  given  ^ to  Jind  the  fun* r ' 
declination^  and  the  day  of  the  month. 

Rvle.  Bring  the  given  place  to  the  brafs  meridian,  and 
fet  the  index  to  twelve  ; turn  the  globe  eaftward  till  the  in-  • 
dex  has  paffed  over  as  many  hours  as  are  equal  to  half  the 
length  of  the  day  ; keep  the  globe  from  revolving  on  its 
axis,  and  elevate  or  deprefs  one  of  the  poles  till  the  given 
place  exaftly  coincides  with  the  eaftern  femi- circle  of  the 
horizon  ; the  diftance  of  the  elevated  pole  from  the  hori- 
zon will  be  the  fun’s  declination  ; mark  the  fun’s  declina- 
tion, thus  found,  on  the  brafs  meridian  ; turn  the  globe  on 
its  axis,  and  obferve  what  two  points  of  the  ecliptic  pafs  un- 
der this  mark  ; feek  thofe  points  in  the  circle  of  iigns  on 
><he  horizon,  and  exactly  againft  them,  in  the  circle  of  ’ 
months,  Hand  the  days  of  the  months  required. 

Or, 

Bring  the  meridian  pafling  through  Libra  * to  coincide 
with  the  brafs  meridian,  elevate  the  pole  to  the  latitude  of  ’ 
the  place,  and  fet  the  index  of  the  hour  circle  to  twelve  ; 
turn  the  globe  eaftward  till  the  index  has  paffed  over  as 
many  hours  as  are  equal  to  half  the  length  of  the  day,  and 
mark  where  the  meridian,  paffing  through  Libra,  is  cut  by 
the  eaftern  femi-circle  of  the  horizon  ; bring  this  mark  to 
the  brafs  meridian  "I*,  and  the  degree  above  it  ^is  the  fun’s 
declination  ; w'ith  which  proceed  as  above. 

Or,  by  the  analemma. 

Bring  the  middle  of  the  analemma  to  the  brafs  meridian, 
elevate  the  pole  to  the  latitude  of  the  place,  and  fet  the  in- 


* Any  meridian  will  anfwer  the  purpofe,  and  the  globe  may  be  turned 
either  eaftward  or  weftward  ; but  it  is  the  moft  convenient  to  turn  it  eatt- 
wnrd  becaul'e  the  brafs  meridian  is  graduated  on  the  eaft  fide. 

If  Adams’  globes  be  ufed,  the  meridian  jwfling  tlirough  Libra  is  gra- 
duated like  the  brafs  meridian,-4ind  the  dedinatipn  is  found  at  once. 
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dex  of  the  hour  circle  to  twelve  ; turn  the  globe  eaftward 
till  the  index  has  pafled  over  as  many  hours  as  are  equal  to 
half  the  length  of  the  day  ; the  two  days,  on  the  ana- 
lemma,  wliich  are  cut  by  the  eaftern  femi-circle  of  the  ho- 
rizon, will  be  the  days  required  ; and,  by  bringing  the 
analemma  to  the  brafs  meridian,  the  fun’s  declination  wiH 
Hand  exadlly  above  thefe  days. 

Examples,  i.  What  two  days  in  the  year  are  each 
fixteen  hours  long  at  London,  and  what  is  the  fun’s  decli- 
nation ? T*  - 

Anf’wer.  The  S4th  of  May  and  the  17th  of  July.  The  fun’s  decli- 
nation is  about  21°  north. 

*2.  What  two  days  of  the  year  are  each  fourteen  hour* 
long  at  London  ? 

• 3 . On  what  two  days  of  the  year  does  the  fun  fet  at  half 
pail  feven  o’clock  at  Edinburgh  ? 

4.  On  what  two  days  of  the  year  does  the  fun  rife  at  four 
o’clock  at  Peterlburg  ? 

5. '  What  two  nights  of  the  year  are  each  ten  hours  long 
at  Copenhagen  ? 

6.  What  day  of  the  year  at  London  is  fixteeen  hours  and  a 
half  long? 

•s.  • 

Problem  XXX. 

To  Jind  the  length  of  the  longejl  day  at  any  place  in  the  north* 

frigid  zone. 

Rule.  Bring  the  given  place  to  the  northern  point  of 
the  horizon  (by  elevating  or  depreffing  the  pole),  and  ob- 
fervs  its  diftance  from  the  north  pole  on  the  brafs  meridian  ; 
count  the  fame  number  of  degrees  on  the  brafs  meridian 
from  the  equator  towards  the  north  pole,  and  mark  the 
place  where  the  reckoning  ends  ; turn  the  globe  on  its  axis, 
and  obferve  what  two  points  of  the  ecliptic  pafs  under  the 


• The  fouth  frigid  zone  being  uninhabited  (at  lead  we  know  of  no  in- 
habitants) the  problem  is  not  applied  to  th.at  zone  ; however,  the  rule  is 
general,  reading  fouth  for  nortli,  and  of  Decarabar  for  the  of 
June. 
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above  mark  ; find  thofe  points  of  the  ecliptic  in  the  circle 
of  figns  on  the  horizon,  and  exaftly  agaiuft  them,  in  the 
circle  of  months,  you  will  find  the  days  on  which  the  longeft 
day  begins  and  ends.  The  day  preceding  the  zift  of  June 
is  that  on  which  the  longeft  day  begins  at  the  given  place,, 
and  the  day  following  the  21ft  of  June  is  that  on  which  the 
longeft  day  ends  : the  fpace  of  time  between  thefe  days  ii 
the  length  of  the  longeft  day. 

Or,  by  the  analemma.^ 

Bring  the  given  place  to  that  part  of  the  brafs  meridian' 
which  is  numbered  from  the  north  pole  towards  the  equa-. 
tor,  and  obferve  its  diftance  in  degrees  from  the  pole  ; count 
the  fame  number  of  degrees  on  the  brafs  meridian  from  the 
equator  towards  the  north  pole,  and  mark  where  the  reckon- 
ing ends  ; bring  the  analemma  to  the  brafs  meridian,  and 
the  two  days  which  ftand  under  the  above  mark  will  point 
out  the  beginning  and  end  of  the  longeft  day. 

Examples,  i.  What  is  the  length  of  the  longeft  day 
at  the  North  Cape,  in  the  iiland  of  Maggeroe,  in  latitude 
71®  30' north? 

Anfwir.  The  place  it  iSJ"  from  the  pole  ; the  longeft  day  begins  ou  ^ 
the  14th  of  May,  and  ends  on  the  30th  of  Juy  ; the  day  is  therefore  fe- 
venty-feven  days  long,  that  is,  the  fun  docs  not  fet  during  feventy-fevea 
revolutions  of  tne  earth  on  its  axis. 

2.  What  is  the  length  of  the  longeft  day  in  the  north  of 
Spitzbergen,  and  on  what  days  docs  it  begin  and  end  ? 

3.  What  is  the  length  of  the  longeft  day  at  the  northern 
, extremity  of  Nova  Zembla? 

4.  What  is  the  length  of  the  longeft  day  at  the  north, 
pole,  and  on  what  days  does  it  begin  and  end  ? 
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Problem  XXXI. 

To Jind  the  length  of  the  longejl  night  at  any  place  in  the  north* 

frigid  zone. 

Rule.  Bring  the  given  place  to  the  northern  point  of 
the  horizon  (by  elevating  or  deprelling  the  pole),  and  ob- 
lerve  its  diitance  from  the  north  pole  on  the  brafs  meridian  ; 
count  the  fame  number  of  degrees  on  the  brafs  meridian 
from  the  equator  towards  the  fouth  pole,  and  mark  the 
place  where  the  reckoning  ends  ; turn  the  globe  on  its  axis, 
and  obferve  wliat  two  points  of  the  ecliptic  pafs  under  the 
above  mark  ; find  thofe  points  of  the  ecliptic  in  the  circle 
of  figus  in  the  horizon,  and  cxaftly  agairift  them,  in  the 
circle  of  months,  you  will  find  the  days  on  wliich  the  longefl 
night  begins  and  ends.  The  day  preceding  the  2 ill  of 
December  is  that  on  which  the  longell  night  begins  at  the 
given  place,  and  the  day  following  the  2 ill  of  December 
is  that  on  which  the  longell  night  ends  : the  fpace  of  time 
between  thefe  days  is  the  length  of  the  longell  night. 

' Or,  by  the  akalemma. 

Bring  the  given  place  to  that  part  of  the  brafs  meridia* 
which  is  numbered  from  th^  north  pok  towards  the  equator, 
andobferve  its  dillance  in  degrees  from  the  pole  ; count  the 
fame  number  of  degrees  on  the  brafs  meridian  from  the  equa- 
tor towards  the  fouth  pole,  and  mark  where  the  reckon- 
ing ends  ; bring  the  analemma  to  the  brafs  meridian,  and 
the  two  days  which  Hand  under  the  above  mark  will  point 
out  the  beginning  and  end  of  the  longell  night. 

Examples  i.  What  is  the  length  of  the  longell  night 
at  the  North  Cape,  in  the  illand  of  Maggeroe,  in  latitude 
7 1 ■’  30'  north  ? 

Anfivar.  Ifie  place  is  i8J®  from  the  pole  ; the  longeft  night  begins  on 
the  1 6th  of  November,  and  ends  on  the  27th  of  J.anu.ary  : the  night  it 
therefore  feventy-three  days  'ong,  that  is,  the  fun  does  not  rile  during 
feventy-three  revolutions  of  the  earth  on  its  axis. 


* This  problem  is^etiually  applicable  to  any  place  in  the  fouth  frigid 
zone,  and  the  rule  will  be  general  by  reading  fouth  for  north,  and  the 
contrary  ; likewife,  iiulciiil  at  cue  a lit  of  December  read  the  21  ft  of 
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2.  What  is  the  length  of  the  longeft  night  at  the  north 
of  Spitzbergen  ? 

3.  The  Dutch  wintered  in  Nova  Zembla,  latitude  76 
degrees  north,  in  the  year  1596;  on  what  day  of  the 
month  did  they  lofe  fight  of  the  fun  ; on  what  day  of  the 
month  did  he  appear  again  ; and  how  many  days  were  they 
deprived  of  his  appearance,  fetting  afide  the  effect  of,  re- 
fradlion  ? 

4.  For  ho\v  many  days  are  the  inhabitants  of  the  north- 
crumofl;  extremity  of  Ruflia  deprived  of  a fight  of  the  fun  ? 

' Problem  XXXII. 

To  Jindthe  numher  of  days  <which  the  fun  rifes  andfets  at  any 
place  in  the  north  * frigid  %one. 

Rule.  Bring  the  given  place  to  the  northern  point  of 
the  horizon  (by  elevating  or  deprelfing  the  pole),  and  ob- 
ferve  its  diftance  from  the  north  pole  on  the  brafs  meridian  ; 
count  the  fame  number  of  degrees  on  the  brafs  meridian 
from  the  equator  towards  the  poles  northward  and  fouth- 
\yard,  and  make  marks  where  the  reckoning  ends ; ob- 
ferve  what  two  points  of  the  ecliptic,  neareft  to  Aries,  paf« 
under  the  above  marks  ; thefe  points  will  Ihew  (upon  .the 
horizon)  the  end  of  the  longeft  night  and  the  beginning  of 
the  longeft  day  ; during  the  time  Isetween  thefe  days  the 
fun  will  rife  and  fet  every  twenty-four  hours  ; next  obferve 
what  two  points  of  the  ecliptjc,  neareft  to  Libra,  pafs  under, 
the  marks  on  the  brafs  meridian  ; find  thefe  points,  as  be- 
fore, in  the  circle  of  figns,  and  againft  them  you  will  find 
the  day  on  which  the  loiigeft  day  ends  at  the  given  place, 
and  the  day  on  which  the  longeft  night  begins  ; during  the 
time  between  thefe  days  the  fun  will  rife  and  fet  every 
twenty-four  hours. 
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Problem  XXXI. ),  add  thefe  together,  and  fubtradl  the  fum 
from  365  days,  the  length  of  the  year,  the  remainder  will 
fliew  the  number  of  days  which  the  fun  rifes  and  fets  at  that 
place. 

Or,  by  the  analemma. 

Find  how  many  degrees  the  given  place  is  from  the  north 
pole,  and  mark  thofe  degrees  upon  the  brafs  meridian  on 
both  fides  of  the  equator ; obferve  what  four  days  on  the 
analemma  Hand  under  the  marks  on  the  brafs  meridian  j the 
time  between  thofe  two  days  on  the  left  hand  part  of  the 
analemma  (reckoning  towards  the  north  pole)  will  be  the 
number  of  days  on  which  the  fun  rifes  and  fets,  between 
the  end  of  the  longeft  night  and  the  beginning  of  the  longeft 
day  ; and  the  time  between  the  two  days  on  the  right  hand 
part  of  the  analemma  (reckoning  towards  the  fouth  pole) 
will  be. the  number  of  days  on  which  the  fun  rifes  and  fets, 
between  the  end  of  the  longeft;  day  and  the  beginning  of  the 
longeft  night. 

Examples,  i.  How  many  days  in  the  year  does  the 
fun  rife  and  fet  at  the  north  Cape,  in  the  ifland  of  Magge- 
roe,  in  latitude  71°  30' north  ? . 

Anfiver.  The  place  is  iSpfrom  the  pole,  the  two  points  in  the  eclip- 
tia,  ntarefi  to  Aries,  which  pafs  under  18^”  on  the  brafs  meridian,  are  8° 
in  x;;,  anfwering  to  the  27th  of  January,  and  24“  in  ^ , anfwering  to 
the  14th  of  May.  Hence  i he  fun  rifes  and  fets  for  107  days,  viz.  from 
the  end  of  the  longeft  night,  which  happens  on  the  27th  of  January,  to 
the  beginning  of  the  longeft  day,  which  happens  on  the  14th  of  May. 
Secondly,  the  two  points  in  the  ecliptic,  nearejl  to  Libra,  which  pafs  under 
i8|-°on  the  brafs  meridian,  are  8"  in  anfwering  to  the  30th  of  July, 

and  24°  in  HI,  anfwering  to  the  15th  of  November.  Hence  the  fun 
rifes  and  fets  for  108  days,  viz.  from  the  end  of  the  longeft  day,  which 
happens  on  the  30th  of  July,  to  the  beginning  of  the  longeft  night,  which 
happens  on  the  15th  of  November ; fo  that  the  whole  time  of  the  fun’s 
xifing  and  fetting  is  2IJ  days. 

Oa,  THDS ; 

-The  length  of  the  longeft  day,  by  Example  ift,  Prob.  XXX.  is  77 
days,  the  length  of  the  longeft  night,  by  Example  ift,  Prob.  XXJtl.  is  73 
days ; the  fum  of  thefe  is  130,  which  deduded  from  365,  leaver  2x5  days 
as  above. 
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3.  How  many  days  in  the  year  does  the  fun  rife  and  fet" 
at  the  north  of  Spitzbergen  ? 

3 . How  many  days  does  the  fun  rife  and  fet  at  Greenlajid, 
hi  latitude  75°  north  ? 

4.  How  many  days  does  the  fun  rife  and  fet  at  the  Borth- 
«rn  extremity  of  RuIIia  in  Afia  ? 

Problem  XXXIIL 

To  JinJ  in  ivhaf  degree  of  north  latitude.,  on  any  day  helaveen  1 
- the  l\Jl  of  March  and  the  2\Jl  of  June,  or  in  avhat  degree  of^ 
fouth  latitude,  on  any  day  hettueen  the  2'^d  of  September  and^ 
the  2 if  of  December,  the  fun  begins  to  Jlnne  conjlantly  ‘zvith~  • 
out  fetting  ; and  alfo  in  nsihat  latitude  in  the  oppojiic  hem  'if-- 
phere  he  begins  to  be  totally  abfent. 

Rule.  Find  the  fun’s  declination  (by  Proh.  XX.),  andl 
count  the  fame  number  of  degrees  from  the  north  pole  to- 
wards the  equator,  if  the  declination  be  north,  or  from  the- 
fouth  pole,  if  it  be  fouth,  and  mark  the  point  where  ther 
reckoning  ends  ; turn  the  globe  on  its  axis,  and  all  place#  1 
pafTiiig  under  tliis  mark  are  thofe  in  which  the  fun  begins  to» 
fliine  conftantly  without  fetting  at  that  time:  the  fam»i 
number  of  degrees  from  the  contrary  pole  will  point  out  all» 
the  places  where  twilight  or  total  darknefs  begins. 

Examples,  i.  In  what  latitude  north,  and  at  what  pia-. 
ces,  does  the  lun  begin  to  flime  without  fetting  during  le- 
feveral  revolutions  of  the  earth  on  its  axis,  on  the  14th  of 

Anfzver.  The  fun’s  dedination  is  xS-l®  north,  therefore  all  places  iai 
latitude  71^"  north  will  be  the  places  fouglit,  viz.  the  north  Cape  ini  ap. 

land,  the  IbutJieni  part  of  Nova  Zembla,  Icy  Cape,  &c. 

z.  In  what  atitude  fouth  does  the  fun  begin  to  fnine* 
without  fetting  on  the  i8th  of  Oftober,  and  in  what  lati- 
tude north  does  he  begins  to  be  totally  abfent  ? 

A,,fix-er.  1 he  fun’s  declination  is  10“  fouth,  therefore  he  heeins  t*. 
thine  conftantly  in  latitude  80“  fouth  where  tJiere  are  no  inhabit  mtss 
known,  and  to  be  totally  abfent  in  latitude  80“  north,  viz.  at  Spitzberpcn. 

3.  In  what  latitude  does  the  fun  begin  to  ftiine  without' 
fetting  OB  the  20th  of  April  ? 

4.  Is 
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4.  In  what  latitude  north  does  the  fun  begin  to  fliine 
without  fetting  on  the  ift  of  June,  and  in  what  degree  of 
fouth  latitude  does  it  begin  to  be  totally  abfent  i 


Problem  XXXIV. 

Any  number  of  days,  not  exceeding  182,  Icing  given,  to  find 
' the  parallel  of  north  latitude  in  <which  the  fun  does  not  fet 
for  that  time. 

Rule.  Count  half  the  number  of  days  from  the  21ft  of 
June  on  the  horizon,  eaftward  or  wellward,  and  oppofite 
the  laft  day  you  will  find  the  fun’s  place  in  the  circle  of 
figns  ; look  for  the  fign  and  degree  on  the  ecliptic,  which 
bring  to  the  brafs  meridian,  and  obferve  the  fun’s  declina- 
tion ; reckon  the  fame  number  of  degrees  from  the  north 
pole  (on  that  part  of  the  brafs  meridian  which  is  numbered 
from  the  equator  towards  the  poles)  and  you  will  have  the 
ktitude  fought. 

Examples,  i.  In  what  degree  of  north  latitude,  and 
at  what  places,  does  the  fun  continue . above  the  horizon 
for  feventy-feven  days  ? 

Anfiver.  Half  the  number  of  (lays  is  38 1-,  and,  if  reckoned  backx-ard, 
or  towards  the  eaft,  from  the  lift  of  June,  will  anfwer  to  the  14th  of 
May ; and  if  counted  forward,  or  towards  the  weft,  will  anfwer  to  the 
30th  of  July;  on  either  of  which  days  the  fun’s  declination  is  18^  de- 
grees north,  confequemly  the  places  fought  are  18^  degrees  from  the  north 
pole  or -in  latitude  7 if  degrees  north  ; anlwering  to  the  North  Cape  in 
I.apland,  the  fouth  part  of  Nova  Zembla,  I,y  Cape,  &c. 

2.  In  what  degree  of  north  latitude  is  the  longed  day  1 34 
days,  or  3216  hours  in  length  ? 

3.  In  what  degree  of  north  latitude  does  the  fun  continue 
above  the  horizon  for  2160  hours  ? 

4.  In  what  degree  of  north  latitude  does  the  fun  continue 
above  tlse  horizon  for  1152  hours  ? 
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Probi-bm  XXXV. 

To  find  the  beginning,  end,  and  duration  of  twilight  at  any 
place,  on  any  given  day. 

Ru  LE.  Find  the  fun’s  declination  for  the  given  day  (by 
rroblem  XX.),  and  elevate  the  north  or  fouth  pole,  ao 
cording  as  the  declination  is  north  or  fouth,  fo  many  de- 
rrees  above  the  horizon  as  are  equal  to  the  fun’s  declina- 
tion * fcr*ew  the  quadrant  of  altitude  on  the  brafs  meridian, 
over  the  degree  of  the  fun’s  declination  ; bring  the  given 
place  to  the  brafs  meridian,  and  fet  the  index  of  the  hour 
circle  to  twelve  : turn  the  globe  eaRward  till  the  given 
.place  comes  to  the  horizon,  and  the  hours  palled  over  by 
the  index  will  Ihew  the  time  of  the  fun’s  fetting,  or  the 
beginning  of  evening  twilight  : continue  the  motion  of  the 
.globe  eaRward,  till  the  given  place  coincides  with  1 8°  on 
the  quadrant  of  altitude  below  * the  horizon,  the  time 
'paffed  over  by  the  index  of  the  hour  circle,  from  the  time 
ef  the  fun’s  fetting,  will  be  the  duration  of  evening  twi- 
light. The  morning  twilight  is  the  fame  length. 

O 

Or,  thus  : 

Elevate  the  north  or  fouth  pole,  according  as  the  latitude 
of  the  given  place  is  north  or  fouth,  fo  many  degrees  above 
the  horizon  as  are  equal  to  the  latitude  ; find  the  fun’s 
place  in  the  ecliptic,  bring  it  to  the  brafs  meridian,  fet  the 
index  of  the  hour  circle  to  twelve,  and  ferew  the  quadrant 
of  altitude  upon  the  brafs  meridian  over  the  given  latitude  ; 
turn  the  globe  weRward  on  its  axis  till  the  fun’s  place  comes 
to  the  welteni  edge  of  the  horizon,  and  the  hours  paffed 
over  by  the  index  will  Ihew  the  time  of  the  fun’s  fetting, 
or  the  beginning  of  evening  twilight  ; continue  the  motion 
of  the  globe  weRward  till  the  fun’s  place  coincides  \yith 
l8°  on  die  quadrant  of  altitude  below  the  horizon,  the  time 
paffed  over  by  the  index  of  the  hour  circle,  from  the  time 

* The  quadrant  of  altitude  belonging  to  our  modern  globes  is  always 
graduated  to  i8  degrees  below  the  horizon. 
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of  the  fun’s  fetting,  will  be  the  duration  of  evening  twi- 
light. 

Or,  by  the  analemma. 

Elevate  the  pole  to  the  latitude  of  the  place,  as  above, 
and  fcrew  the  quadrant  of  altitude  upon  the  br^s  meridian 
over  the  degree  of  latitude  ; bring  the  middle  of  the  ana- 
lemma  to  the  brafs  meridian,  and  let  the  index  of  the  hour 
circle  to  twelve  ; turn  the  globe  w’eftward  till  the  given 
day  of  the  month,  on  the  analemma,  comes  to  the  wellern 
edge  of  the  horizon,  and  the  hours  paffed  over  by  the  in- 
dex will  {hew  the  time  of  the  fun’s  fetting,  or  the  beginning 
of  evening  twilight  ; continue  the  motion  of  the  globe 
weftward  till  the  given  day  of  the  month  coincides  with  18® 
on  the  quadrant  below  the  horizon,  the  time  paffed  over  by 
the  index,  from  the  time  of  the  fun’s  fetting,  will  he  the 
duration  of  evening  twilight. 

Examples,  i.  Required  the  beginning,  end,  and  du- 
ration of  morning  and  evening  twilight  at  London,  on  the 
19th  of  April  ? 

Anfiver.  The  fun  fets  at  two  minutes  pad  feven.  and  rifes  at  fifty-eight 
minutes  paft  four:  the  duration  of  twilight  is  two  hours  and  feventeen 
minutes  ; confequently,  evening  twilight  ends  at  nineteen  minutes  palt 
jiinc,  and  morning  twilight  begins,  or  day  breaks,  at  forty  one  minutes 
paft  two. 

2.  What  is  the  duration  of  twilight  at  London  on  the 
23d  of  September,  what  time  does  dark  night  begin,  and 
at  what  time  does  day  break  in  the  morning  ? 

Anfiuer.  The  fun  fets  at  fix  o’clock,  and  the  duration  of  twilight  is 
two  hours ; confequently  the  evening  twilight  ends  at  eight  o’clock, 
and  the  morning  twilight  begins  at  four. 

3.  Required  the  beginning,  end,  and  duration  of 
morning  and  evening  twilight  at  London,  on  the  25th  of 
Augull  ? 

4.  Required  the  beginning,  end,  and  duration  of  mom- 
ing  and  evening  twilight  at  Edinburgh,  on  the  20th  of 
February  ? 

5.  Required  the  beginning,  end,  and  duration  of  morn- 
ing and  evening  twilight  at  Cape  Horn,  on  the  20th  of 
February  ? 

L 2 6.  ,Rc« 
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*6.  Required  the  beginning,  end,  and  duration  of  morn- 
ing and  evening  twilight  at  Madras,  on  the  15th  of  June  ? 


Problem  XXXVI. 

To  jind  the  leginning,  end,  and  duration  of  conjlant  day  or 
t wilight  at  any  place. 

Rule.  Find  the  latitude  of  the  given  place,  and  add 
18°  to  that  latitude  ; count  the  number  of  degrees  eorre- 
fpondent  to  the  fum,  on  that  part  of  the  brafs  meridian 
■ which  is  numbered  from  the  pole  towards  the  equator,  mark 
where  the  reckoning  ends,  and  obferve  what  two  points  of 
the  ecliptic  pafs  under  the  mark  * ; that  point  wherein  the 
fun’s  declination  is  increafing  will  Ihew  on  the  horizon  the 
beginning  of  conftant  twilight ; and  that  point  wherein  the 
lun’s  declination  is  decreafing,  will  (hew  the  end  of  conltant 
twilight.  • • 

Examples,  i.  When  do  we  begin  to  have  conftant 
dil^'  or  twilight  at  London,  and  how  long  does  it  continue  ? 

Anjivcr,  The  latitude  of  London  is  51^  degrees  north  to  which  add 
18  degrees,  the  Turn  is  69-J,  the  two  points  of  tlie  ecliptic  which  pafs  un- 
der 69I  are  two  degrees  in  anfwering  to  the  azdof  May,  and  29  de- 
grees  in  anfwering  to  the  2ift  of  July;  fo  that,  from  the  22d  of 

May  to  the  2ift  of  July,  the  fun  never  defeends  18  degrees  belotv  the 
horizon  of  London. 

2.  When  do  the  inhabitants  of  the  Shetland  iflands  ceafe  • 
to  have  conftant  day  or  twilight  ? 

3.  Can  twilight  ever  continue  from  fun-fet  to  fun-rife  at 
Madrid  ? 

4.  When  does  conftant  day  or  twilight  begin  at  Spitz-- 
bergen  ? 

5.  What  is  the  duration  of  conftant  day  or  twilight  at  t 
the  North  Cape  in  Lapland,  and  on  what  day,  after  their  r 


* If,  after  18  degrees  be  added  to  the  latitude,  the  diftance  from  the  t 
pole  will  not  reach  the  ecliptic,  there  will  be  no  conftant  twilight  at  the 
given  place  : viz.  to  the  given  latitude  add  1 8 degrees,  and  fubtrart  the  ■ 
iiim  from  90,  if  the  remainder  exceed  23^  degrees,  there  can  be  no  con-  - 
ttam  twilight  at  die  given  place. 


V. 
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lone  winter’s  night,  does  the  fun’s  rays  firft  inter  the  at- 
nioiphere. 


Problem  XXXVII. 

To  Jirul  the  duration  of  t tuUight  at  the  north  pole. 

Rule.  Elevate  the  north  pole  fo  that  the  equator  may 

! coincide  with  the  horizon  ; obfei  ve  what  point  of  the  eclip- 
tic, nea*-eil  to  Libra,  paffes  under  1 8°  below  the  horizon, 
reckoned  on  the  brafs  meridian,  and  find  the  day  of  the 
month  correfpondent  thereto  ; the  time  elapfed  from  the 
I 23d  of  September  to  this  time  will  be  the  duration  of  even- 
I ing  twilight.  Secondly,  obferve  what  point  of  the  eclip- 
j|  tic,  neareft  to  Aries,  palTes  under  18°  below  the  horizon, 

1 reckoned  on  the  brafs  meridian,  and  find  the  day  of  the 
month  correfpondent  thereto  ; the  time  elapfed  from  that 
day  to  the  21ft  of  March  will  be  the  duration  of  morning 
d twilight. 

Example.  What  is  the  duration  of  twilight  at  the  north 
g pole,  and  what  is  the  duration  of  dark  night  there  ? 

Anftver.  The  point  of  the  ecliptic  neareft  to  Libra  which  paffes  under 
18  degrees  below  the  horizon,  is  22  degrees  in  tr^,  anfwering  to  the  13th 
li  of  November  ; hence  the  evening  twilight  continues  from  the  23d  of  Sep- 
(j  tember  (the  end  of  the  longed  d.iy)  to  the  13th  of  November  (the  begin- 
nirtg  of  dark  night)  being  51  days.  The  point  of  the  ecliptic  neareft  to 
fl  Aries  which  paffed  under  18  degrees  below  the  horizon  is  9 degrees  l^ 

I anfwering  to  the  29th  of  January  ; hence  the  morning  twilight  continues 
from  the  29th  of  January  to  the  21ft  of  March  (the  beginning  of  the 
longed  day)lieing  fifty-one  days.  From  the  23d  of  September  to  the  2ift 
; i of  March  are  179  days,  from  which  deduft  102  51  X 2),  the  re- 

•<  mainder  is  77  days,  the  duration  of  total  darknefs  at  the  north  pole  ; 

' 1 but,  even  during  this  fhort  period,  the  moon  and  the  Aurora  Borealis 
I fliine  with  uncommon  fplendour. 

Problem  XXXVIII. 

i To  find  In  <ivhat  climate  any  given  place  on  the  globe  is  Jituated, 

Rule.  i.  If  the  place  be  not  in  the  frigid  zones,  find  • 
1 the  length  of  the  longeft  day  at  that  place  (by  Problem 
' XXVIII.  and  fubtraft  twelve  hours  therefrom  j the  num- 
ber of  half  hours  in  the  remainder  will  Ihew  the  climate. 

L3  7.  If 


222 


PROBLEMS  PERFO-RMEB  BY 


Partin, 


7.  If  the  place  be  in  the  frigid  zone  *,  find  the  length  of 
the  longefl.  day  at  that  place  (by  Problem  XXX),  and  if  that 
be  lefs  than  thirty  days,  the  place  is  in  the  twenty-fifth 
climate,  or  the  JirJl  within  the  polar  circle.  If  more  than 
thirty  and  Icfs  than  fixty,  it  is  in  the  twenty-fixth  climate, 
or  the  feco7id  within  the  polar  circle  ; if  more  than  fixty, 
and  lefs  than  ninety,  it  is  in  the  twenty-fcventh  climate,  or 
the  third  within  the  polar  circle,  &c. 

Examples.  1.  In  what  climate  is  London, "‘and  what 
other  remarkable  places  arefituatedin  the  fame  climate  ? 

Anfit^cr.  The  longc-ft  day  at  I.ondon  is  i6-t  hours  if  we  dedudl 
therefrom,  the  remainder  will  be  hours,  or  nine  half  hours ; hence 
l.ondon  is  in  the  9th  climate  not  th  of  the  ct|URUr  ; and,  as  all  places  in 
or  near  the  fame  latitude  are  in  the  fame  climate,  we  fltall  find  Anifter- 
dam,  Dreiden,  Warfaw,  Irkoutflc,  the  fouthern  part  of  the  penmfula  of 
Kamtfchatca,  Nootka  Sound,  the  fouth  of  Hudfon’s  Bay,  the  north  of 
Newfoundland,  &c.  to  be  in  the  fame  climate  as  London  — The  learner  is 
requefted  to  turn  to  the  note  to  Definition  69th,  at  pages  16  and  17. 

2.  In  what  climate  is  the  North  Cape  in  the  iiland  of 
Maggeroe,  latitude  71°  30' north. 

A'lf-wer.  The  length  of  thelongeft  day  is  77  days;  thefe  days  divided, 
by  30,  give  two  months  for  the  quotient,  and  a remainder  of  17  days; 
hence  the  place  is  in  the  third  climate  within  the  polar  circle,  or  the  ayth 
climate  reckoning  from  the  equator.  The  fouthern  part  of  Nova  Zem- 
bla,  the  northern  part  of  Siberia,  James’  ifland,  BaflSn’s  Bay,  the  north- 
ern part  of  Greenland,  &c.  are  in  the  fame  climate. 


* The  climates  between  the  polar  circles  and  the  poles  were  unknown 
to  the  ancient  geographers ; they  reckoned  only  feven  climates  north  of 
the  equator.  '1  he  middle  of  the  firft  northern  climate  they  made  to  pafs 
through  Meroe,  a city  of  Ethiopia,  built  by  Cambyfes  on  an  ifland  in  the 
Nile,  nearly  under  the  tropic  of  Cancer ; the  fecond  through  Syeae, 
a city  of  Thebais  in  upper  Egypt,  near  the  cataraiSs  of  the  Nile  ; the 
third  through  Alexandria  ; the  fourth  through  Rhodes  ; the  fifth  through 
Rome  OTXhtHellefponf-,  the  fixth  through  the  mouth  of  the  Boryphenes  ox  Dnie- 
per, and  the  feventh  through  the  Ripheean  movniains,  {uji^oted  to  be  fituated 
near  the  fource  of  the  Tanais  or  Don  river.  T he  fouthern  parts  of  th* 
earth  being  in  a great  mcafure  unknown,  the  climates  received  their  names 
from  the  northern  ones,  and  not  from  particular  towns  or  places.  Thus 
the  climate  which  was  fuppofed  to  be  at  the  fame  diftance  from  the  equator 
fouthward,  as  Meroe  was  northward,  was  called  Antidiameroes,  or  the  o;>- 
pofite  climate  to  Meroe  ; Antidiajyenes,  was  tbe  oppoCte  climate  to 
Syenes,  &6. 

3.  In 
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3.  In  what  climate  Is  Edinburgh,  and  what  other  place# 
are  fituated  in  the  fame  climate  ? 

4.  In  what  climate  is  the  north  of  Spitzbcrgen  ? 

5.  In  what  climate  is  Cape  Horn  ? 

6.  In  what  climate  is  Botany  Bay,  and  what  other  place# 
are  fituated  in  the  fame  climate  i 


Problem  XXXIX. 

7 0 Jind  the  breadths  of  the  feveral  climates  betiveen  the  equator 
and  the  polar  circles. 

Rule.  For  the  northern  climates.  Elevate  the  north 
pole  23^"  above  the  northern  point  of  the  horizon,  bring  the 
fign  Cancer  to  the  raeridiaH,  and  fet  the  index  to  twelve 
turn  the  globe  eallward  on  its  axis  till  the  index  has  pafl'ed 
over  a quarter  of  an  hour  ; obferv'e  that  particulaj-  point  of 
the  meridian  palling  through  Libra,  which  is  cut  by  tii^ 
horizon,  and  at  the  point  ot  interfe£tion  make  a mark  with 
a pencil  ; continue  the  motion  of  the  globe  eaftvva'rd  till  the 
index  has  palTed  over  another  quarter  of  an  hour,  and 
make  a fecond  mark  ; proceed  thus  till  the  meridian  paf. 
fing  through  Libra  * wil.  no  longer  cut  the  horizon  ; the 
feveral  marks  brought  to  the  brafs  meridian  will  point  out 
the  latitude  where  each  climate  ends  -}-. 

Examples,  i.  What  is  the  breadth  of  the  ninth  north 
climate,  and  what  places  are  fituated  within  it  ? 

Anfwer.  The  breadth  of  the  9th  climate  is  a*'  57',  it  begins  in  latitude 
49®  a' north,  and  ends  in  Ltitnde  51®  59' north,  and  all  places  fituated 
within  this  fpace  are  in  the  fame  climate.  The  places  will  be  nearly  the 
fame  as  thole  enumerated  in  the  firft  example  to  the  preceding  problem. 

2.  What  is  the  breadth  of  the  fecond  climate,  and  in 
what  latitude  does  it  begin  and  end  ? 


* On  Adams’  globes,  the  meridian  paffing  through  Libra  is  divided 
into  degrees,  in  the  fame  manner  as  the  brafs  meridian  is  divided ; the 
horizon  will,  therefore,  cut  this  meridian  in  the  feveral  degrees  anfwer- 
ing  to  the  end  of  each  climate,  without  the  trouble  of  bringing  it  to  the 
brafsmeridian,  or  marking  the  globe. 

f See  a Tal>le  of  the  climates,  with  the  method  of  conllrufting  it,  at 
pges  17  and  18. 

L4  3.  Required 
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3.  Required  the  beginning,  end,  and  breadth  of  the  fifth 
climate  ? 

4.  What  is  the  breadth  of  the  feventh  climate  north  of 
the  equator,  in  what  latitude  does  it  begin  and  end,  and 
Vv'hat  places  are  fituated  within  it  ? 

Problem  XL. 

To  Jlnd  that  part  of  the  equation  of  time  which  depends  on  the 
ohliquity  of  the  ecliptic. 

Rule.  Find  the  fun’s  place  in  the  ecliptic,  and  bring  it 
to  the  brafs  meridian  ; count  the  number  of  degrees  from 
Aries  to  the  brafs  meridian,  on  the  equator  and  on  th« 
ecliptic  ; the  difference,  reckoning  four  minutea  of  time  to 
a degree,  is  the  equation  of  time.  If  the  number  of  de- 
grees on  the  ecliptic  exceed  thofe  on  the  equator,  the  fun 
fafter  than  the  clock  ; but,  if  the  number  of  degrees  on 
the  eqqator  exceed  thofe  on  the  ecliptic,  the  fun  is  flowwr 
than  the  clock 
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2^ott.  The  equation  of  time,  or  diffe- 
rence bctwen  the  time  fliewn  by  a woU- 
tegulated  clock,  and  a true  fun-dial,  de- 
pends upon  two  caules  ; vix.  the  obliquity 
t>f  the  ecliptic,  and  the  unequal  motion  of 
the  earth  in  its  orbit.  The  former  of  thefe 
caufes  may  be  explained  by  the  above  pro- 
blem. If  two  funs  were  to  fet  off  at  the 
fame  time  from  the  point  Aries,  and  move 
over  equal  fp.aces  in  equal  time,  the  one  on 
the  ecliptic,  the  other  on  the  equator,  it  is 
evident  they  would  never  come  to  the  meri- 
dian together,  except  at  the  time  of  the 
equino.xes,  and  on  the  longed  and  Ihorteft 
days.  1 he  annexed  Table  (hews  how 
much  the  fun  is  fader  or  (lower  than  the 
clock  ought  to  be,  fo  far  as  the  variation 
depends  on  the  obliquity  of  the  ecliptic 
only.  1 he  figns  of  the  firit  and  third  qua- 
drants of  the  ecliptic  are  at  the  top  of  the 
table,  and  the  degrees  in  thefe  (igns  on  the 
left  hand  ; in  any  of  thefe  fgns  the  fun  is 
fader  than  the  clock.  The  bgns  of  the 
fecondand  third  quadrants  are  at  the  bottom 
o(  the  table,  a.nd  the  degrees  in  thefe  (igns 
at  the  right  hand ; in  any  of  thefe  figns  the 
fun  is  (lower  than  the  clock. 

Thus,  when  the  fun  is  in  2C  degrees  of 
it  IS  9 minutes  jo  feconds  fader 
than  the  clock , and,  when  the  fun  is  in 
1 8 degrees  of  y or  , it  is  6 minutes  i 
feconds  (lower  than  the  clock. 
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22^  PROBLEMS  PERFORMED  BY  Part  lit* 

Examples,  i.  What  is  the  equation  of  time  on  the 
17th  of  July  ? 

Apftver.  'I'he  degrees  on  the  equator  exceed  the  degrees  on  the  ecliptic 
by  two ; hence  tlie  fun  is  eight  minutes  flower  than  the  clock  *. 

2.  On  what  four  days  of  the  year  is  the  equation  of  time 
nothing  ? 

3.  What  is  the  equation  of  time  dependant  on  the  obli- 
quity pf  the  ecliptic  on  the  27th  of  Odfober  ? 

4.  When  the  fun  is  18°  of  Aries,  w’hat  is  the  equation 
of  time  ? 

Problem  XLT. 

To  jind  thejun*s  meridian  altitude  at  any  time  of  the  year  at 

any  given  place. 

Rule.  Find  the  fun’s  declination,  and  elevate  the  pole 
to  that  declination  ; bring  the  given  place  to  the  brafs  me- 
ridian, and  count  the  number  of  degrees  between  it  and  the 
horizon  ; thefe  degrees  will  fliew  the  fun’s  meridian  alti- 
tude f. 

Or  : 

Elevate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  place  ; find  the  fun’s  place 
in  the  ecliptic,  and  bring  it  to  that  part  of  the  brafs  meri- 
dian which  is  numbered  from  the  equator  towards  the 
poles  ; count  the  number  of  degrees  contained  on  the  brafs 
meridian  betw'een  the  fun’s  place  and  the  horizon,  and  they 
will  fiiew  the  altitude  :{;. 

Or,  by  the  analemma. 

Elevate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  place  ; find  the  day  of  the 


The  learner  willobferve,  that  the  equation  of  time  here  determined, 
is  not  the  true  equation,  as  noted  on  the  7th  circle  on  the  horizon  of  Bar- 
din’s globes;  the  equation  of  time  there  given  cannot  be  determinedby  the 
globe. 

I See  Problem  XXI. 

^ See  problem  XXII.- 


month 
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month  on  the  analeramB,  and  bring  it  to  that  part  of  the 
brafs  meridian  which  is  numbered  from  the  equator  towards 
the  poles  ; count  the  number  of  degrees  contained  on  the 
brafs  meridian  between  the  given  day  of  the  month  and 
the  horizon,  and  they  will  (hew  the  altitude* 

Examples,  i.  What  is  the  fun’s  meridian  altitude  at 
London  on  the  21ft  of  June  ? 

Anftver.  6z  degrees. 

2.  What  is  the  fun’s  meridian  altitude  at  London  on  the 
2 1 ft  of  March  ? 

3.  What  is  the  fun’s  leaft  meridian  altitude  at  London  ? 

4.  What  is  the  fun’s  greateft  meridian  altitude  at 
Horn  ? 


. 5.  What  is  the  fun’s  meridian  altitude  at  Madras  on  th^ 
20th  of  June  ? 

6.  What  is  the  fun’s  meridian  altitude  at  Bencoolen  oa 
the  15  th  of  Januaiy  ? 


Problem  XLII. 

When  it  is  midnight  at  any  place  in  the  temperate  or  torrid 
Kones,  to  Jind  tlje  fun’s  altitude  at  any  place  (on  the  fame 
meridian  ) in  the  north  frigid  zone,  luhere  the  fun  does  nojt 
defccnd  below  the  horizon. 

Rule.  P'ind  the  fun’s  declination  for  the  given  day, 
and  elevate  the  pole  to  that  declination  ; bring  the  place  (in 
the  frigid  zone)  to  that  part  of  the  brafs  meridian  which  is 
numbered  from  the  north  pole  towards  the  equator,  and 
the  number  of  degrees  between  it  and  the  horizon  will  be 
the  fun’s  altitude. 

Or,  , 

Elevate  the  north  pole  fo  many  degrees  above  the  hori- 
zon as  are  equal  to  the  latitude  of  the  place  in  the  frigid 
zone  ; bring  the  fun’s  place  in  the  ecliptic  to  the  brafs  me-?- 
ridian,  and  fet  the  index  of  the  hour  circle  to  twelve  ; turn 
the  globe  on  its  axis  till  the  index  points  to  the  other 
twelve  ; and  the  number  of  degrees  between  the  fun’s  place 
and  the  horizon,  counted  on  the  brafs  meridian  toward 

L (i  that 
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that  part  of  the  horizon  marked  north,  will  be  the  fun’s' 
altitude.  , '* 

Examples,  i.  What  is  the  fun’s  altitude  at  the  North 
Cape  in  Lapland,  when  it  is  midnight  at  Alexandria  in 
Egypt  on  the  21  ft  of  June  ? 

Anfwer.  5 degrees. 

2.  When  it  is  midnight  to  the  inhabitants  of  the  ifland  of 
Sicily  on  the  22dof  May,  what  is  the  fun’s  altitude  at  the 
north  of  Spitzbcrgen,  in  latitude  80°  north  ? 

3.  What  is  the  fun’s  altitude  at  the  north  eaft  of  Nova 
Zembla,  when  it  is  midnight  at  Tobolfk,  on  the  15th  of 
July  ? 

4.  What  is  the  fun’s  altitude  at  the  north  of  Baffin’s  Bay, 
■y^hen  it  is  midnight  at  Buenos  Ayres,  on  the  28  th  of  May  ? 

Problem  XLIII. 

-To  Jind  the  fun's  amplitude  at  any  place. 

Elevate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  given  place  ; find  tiie  fun’s 
place  in  the  ecliptic,  and  bring  it  to  the  eaftern  femi-circle 
,,of  the  horizon  ; the  number  of  degrees  from  the  fun’s  place 
to  the  eaft  point  of  the  horizon  will  be  the  rifing  amplitude  : 
bring  the  fun’s  place  to  the  weftem  femi-circle  of  the  hori- 
zon, and  the  number  of  degrees  from  the  fun’s  place  to  the  • 
|wett  point  of  the  horizon  will  be  the  fetting  amplitude. 

Or,  by  the  ANALEMM4. 

Elevate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  place  ; bring  the  day  of  the 
month  on  the  analemma  to  the  eaftern  femi-circle  of  the 
horizon  : the  number  of  degrees  from  the  day  of  the  month 
to  the  eaft  point  of  the  horizon  will  be  the  rifing  amplitude  ; 
bring  the  day  of  the  month  to  the  weftem  femicircle  of  the 
horizon,  and  the  number  of  degrees  from  the  day  of  the 
month  to  the  weft  point  of  the  horizon  will  be  the  fetting 
amplitude. 

Examples,  i.  What  is  the  fun’s  amplitude  at  London 
jen  the  21ft  of  June  ? 

Anfintr, 
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Anfwr.  39°  48'  to  the  north  of  the  eaft,  and  39“  48^  to  the  north  of 
the  well. 

2.  On  what  point  of  the  compafs  does  the  fun  rife  and 
fet  at  London  on  the  lytli  of  May  ? 

3.  On  what  point  of  the  compafs  does  the  fun  rife  and 
fet  at  the  Cape  of  Good  Hope  on  the  2 ift  of  December  ? 

4.  On  what  point  of  the  compafs  does  the  fun  rife  and 
fet  on  the  21ft  of  March  ? 

5.  On  what  point  of  the  compafs  does  the  fun  rife  and 
fet  at  Wafhington  on  the  21ft  of  Oftober  ? 

6.  On  what  point  of  the  compafs  does  the  fun  rife  and 
fet  at  Peterfburg  on  the  i8th  of  December  ? 


Problem  XLIV. 

Tojind  the  fun’s  azimuth  and  his  altitude  at  any  place,  the  day 
and  hour  being  given. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  place,  and  ferew 
the  quadrant  of  altitude  on  the  brafs  meridian,  over  that 
latitude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brafs  meridian,  and  fet  the  inde.x  of  the  hour  circle  to 
twelve  ; then,  if  the  given  time  be  before  noon,  turn  the 
globe  eallward*  as  many  hours  as  it  wants  of  noon  ; but, 
it  the  given  time  be  pall  noon,  turn  the  globe  w'eftward  as 
many  hours  as  it  is  paft  noon  ; bring  the  graduated  edge  of 
the  quadrant  of  altitude  to  coincide  with  the  fun’s  place, 
then  the  number  of  degrees  on  the  horizon,  reckoned  from 
the  north  or  fouth  point  thereof  to  the  graduated  edge  of 
the  quadrant,  will  fhew  the  azimuth  ; and  the  number  of 
degrees  on  the  quadrant,  counting  from  the  horizon  to  the 
fun’s  place,  will  be  the  fun’s  altitude. 

* Whenever  the  pole  is  elevated  for  the  latitude  of  the  place,  the  proper 
motion  of  the  globe  is  from  eaft  to  weft,  and  the  fun  is  on  the  call  fide  of 
the  brafs  meridian  in  the  morning,  and  on  the  weft  fide  in  the  afternoon  ; 
but,  when  the  jwle  is  elevated  for  the  fun’s  declination,  the  motion  is  from 
weft  to  eaft,  and  the  place  is  on  the  Weft  fide  of  the  naeridiatt  in  the  morn- 
ing, and  on  the  eaft  fide  in  the  afternoon. 
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Or,  by  the  analemma. 

Elevate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  place,  and  fcrew  the  qua* 
drant  of  altitude  on  the  brafs  meridian,  over  that  latitude  ; 
bring  the  middle  of  the  analemma  to  the  brafs  meridian, 
and  fet  the  index  of  the  hour  circle  to  twelve  ; then,  if  the 
given  time  be  before  noon,  turn  the  globe  ealtward  on  its 
axis  as  many  hours  as  it  wants  of  noon  ; but,  if  the  given 
time  be  paft  noon,  turn  the  globe  wellward  as  many  hours 
as  it  is  paft  noon  ; bring  the  graduated  edge  of  the  qua- 
drant of  altitude  to  coincide  with  the  day  of  the  month  on 
the  analemma,  then  the  number  of  degrees  on  the  horizon, 
reckoned  from  the  north  or  fouth  point  thereof  to  the  gra- 
duated edge  of  the  quadrant,  will  fhew  the  azimuth  ; and 
the  number  of  degrees  on  the  quadrant,  counting  from  the 
horizon  to  the  day  of  the  month  will  be  the  fun’s  altitude. 

Examples,  i.  What  is  the  fun’s  altitude,  and  his  azi- 
muth from  the  north,  at  London,  on  the  firft  of  May,  at 
ten  o’clock  in  the  morning  ? 

Anfzver.  The  altitude  1547“,  and  the  azimuth  from  the  north  136%  or 
from  the  fouth  44°. 

2.  What  is  the  fun’s  altitude  and  azimuth  at  Peterfburg 
on  the  1 3th  of  Auguft,  at  half  paft  five  o’clock  in  the 
morning  ? 

3.  What  is  the  fun’s  azimuth  and  altitude  at  Antigua, 
on  the  2ift  of  June,  at  half  paft  fix  in  the  morning,  and  at 

^ half  paft  ten  * ? 

4.  At  Barbadoes  on  the  20th  of  May,  when  the  fun’s 
declination  is  20  degrees  north,  required  the  time  of  the 
fun’s  appearingion  the  fame  azimuth,  twice  in  the  forenoon 
and  twice  in  the  afternoon  ? 


• At  all  places  in  the  torrid  zone,  whenever  the  declination  of  the  fun 
exceeds  the  latitude  of  the  place,  and  both  are  of  the  fame  name,  the  fun 
■will  appear  twice  in  the  forenoon  and  twice  in  the  afternoon,  on  the  fame 
point  of  the  compafs,  and  will  caufe  the  lhadow  of  an  azimuth  dial  to  go 
back  feveral  degrees.  In  this  example,  the  fun’s  azimuth  at  the  hours 
give*  above  will  be  69°  from  the  north  towards  the  ealf;  and  at  half  paft 
eight  o’clock,  the  lun  will  appear  to  have  the  lame  azimuth  for  lom* 
lime. 

5.  On 
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S'  On  the  13th  of  Auguft  at  half  pall  eight  o’clock  in 
the  morning,  at  fea  in  latitude  57'’  N.  the  obferved  azi-. 
inuthof  the  fun  was  S.  40'’  14'  E.,  what  was  the  fun’s  al- 
titude, his  true  azimuth,  and  the  variation  of  the  compafs  ? 

6.  On  the  14th  of  January,  in  latitude  33®  52'  S.,  at 
half  pall  three  o’clock  in  the  afternoon,  the  iun’s  magnetic 
azimuth  was  obferved  to  N.  63’  51'  W. ; what  was  the 
true  azimuth,  the  variation  of  the  compafe,  and  the  fun’s 
altitude  ? 

Problem  XLV. 

latitude  of  the  place,  day  of  the  month,  and  the  fun’s  alti- 
tude being  given,  to  find  the  fun’s  azimuth  and  the  hour  of 
the  day  *. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  place,  and  fcrew 
the  quadrant  of  altitude  on  tlie  brafs  meridian,  over  that 
latitude  ; bring  the  fun’s  place  in  the  ecliptic  to  the  brafs 
meridian,  and  fet  the  index  of  the  hour  circle  to  twelve  ; 
turn  the  globe  on  its  axis  till  the  fun’s  place  in  the  ecliptic 
coincides  with  the  given  degree  of  altitude  on  the  quadrant  ; 
the  hours  pafled  over  by  the  indnx  of  the  hour  circle  will 
fliew  the  time  from  noon,  and  the  azimuth  will  be  found 
on  the  horizon,  as  in  the  preceding  problem. 

Or,  by  the  analemma. 

Elevate  the  pole  to  the  latitude  of  the  place,  and  fcrew 
the  quadrant  of  altitude  over  that  latitude  ; bring  the  mid- 
dle of  the  analemma  to  the  brafs  meridian,  and  fet  the  index 
of  the  hour  circle  to  twelve  ; move  the  globe  and  the  qua- 
drant till  the  day  of  the  month  coincides  with  the  given  al- 
titude, the  hours  pafled  over  by  the  index  will  fhew  the 


* This  problem  is  only  a variation  of  the  preceding ; for,  by  the  nature 
of  fpherical  trigonometry,  any  three  of  the  following  quantities,  viz.  the 
latitude  of  the  place,  the  fun  t decimation,  altitude,  azimuth,  ox  time  0^ the 
day,  being  given,  the  reft  may  be  found,  admitting  of  feveral  variations. 
A large  colleftion  of  Aftronomical  problems  may  be  found  in  Keith's  Tri- 
gonometry, page  223.  Thefe  problems  are  ufeful  exercifes  on  the  globes. 
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time  from  noon,  and  the  azimuth  will  be  found  in  the  ho- 
rizon, as  before.  r , , , n. 

Examples  i.  At  what  hour  of  the  day  onthezilt 
of  March  is  the  fun’s  altitude  22j°  at  London,  and  what  is 
his  azimuth  ? The  obfei-vation  being  made  in  the  afternoon. 

Anfwt  '1  lie  time  from  noon  will  be  foond  to  be  3 hours  30  minutes, 
and  tlie  azimuth  59"  l' from  the  fouth  towards  the  well.  Had  the  ob- 
lervation  been  mi-de  before  noon,  the  time  from  noon  would  have  been 
3!  hours,  viz.  It  would  have  been  30  minutes  part  eight  in  the  morning, 
and  the  azimuth  would  have  been  59-^  from  the  fouth  towards  the 
call*. 

2.  At  what  hour  on  the  9th  of  March  is  the  fun’s  alti- 
tude 25°  at  London,  and  what  is  his  azimuth  ? The  obfer- 
vation  being  made  in  the  forenoon. 

3.  At  what  hour  on  the.  i8th  of  May  is  the  fun’s  alti- 
tude 30  at  Lifbon,  and  what  is  the  azimuth  ? The  obfer- 
vation  being  made  in  the  afternoon. 

4.  Wallang  along  the  fide  of  Queen-fquare  in  London, 
on  the  5th  of  Auguft  in  the  forenoon,  I obferved  the  fha- 
dows  of  the  iron-rails  to  be  exaftly  the  fame  length  as  the 
rails  themfelves  ; pray  what  o’clock  was  it,  and  on  what 
point  of  the  compali  did  the  fhadows  of  the  rails  fall  ? 


Problem  XLVl. 

Chen  the  latitude  of  the  place,  and  the  day  of  the  month,  t$ 
fnd  at  nvhat  place  the  fun  is  due  eafl  or  luejl. 


Eule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  place,  find  the  fun’s 
place  in  the  ecliptic,  bring  it  to  the  brafs  meridian,  and 
fet  the  index  of  the  hour  circle  to  twelve  ; fcrew  the  qua- 
drant of  altitude  on  the  brafs  meridian,  over  the  given  lati- 
tude, and  move  the  lower  end  of  it  to  the  eaft  point  of  the 
horizon  ; hold  the  quadrant  in  this  pofition,  and  move  the 
globe  on  its  axis  till  the  fun’s  place  comes  to  the  graduated 
edge  of  the  quadrant  j the  hours  paffed  over  by  the  index 


* I he  learner  will  ©bi'erve,  that  the  fun  has  the  fame  altitude  at  equal 
df.laiicesfrcm  noon;  hence  it  is  neceffary  to  fay  whether  the  bbfervation 
be  nade  before  or  after  noon,  otherwifj  the  problem  admits  of  two 
anfwers. 

from 
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I 

from  twelve  will  be  the  time  from  noon  when  the  fun  is  due  * 
eall  *,  and  at  the  fame  time  from  noon  he  will  be  due'weft. 

Or,  by  the  analemma. 

This  is  exactly  the  fame  as  above,  only,  inftead  of  bring- 
ing the  fun’s  place  to  the  meridian,  you  bring  the  ana- 
lemma  there,  and,  inftead  of  bringing  the  fun’s  place  to 
the  graduated  edge  of  the  quadrant,  the  day  of  the  month 
on  the  analemma  muft  be  brought  to  it. 

Examples,  i.  At  what  hour  will  the  fun  be  due  eaft 
at  London  on  the  1 9th  of  May  ; at  what  hour  will  he  be 
due  weft  j and  what  will  his  altitude  be  at  thefe  times  ? 

Anfiuer.  The  time  from  ij,  when  the  fun  is  due  ealt,  is  4 hours  54 
minutes ; hence  the  fun  is  due  eaft  at  fix  minutes  paft  feven  o’clock  in  the 
morning,  and  due  weft  at  54  minutes  paft  four  in  the  afternoon : the  fun’s 
altitude  may  be  found  at  the  fame  time,'  as  in  Problem  XLIV.  In  this 
example  it  is  at'’  a6'. 

2.  At  what  hours  will  the  fun  be  due  eaft  and  weft  at 
London  on  the  2 1 ft  of  June,  and  on  the  2 1 ft  of  December  ; 
and  what  will  be  his  altitude  above  the  horizon  on  the  21ft 
of  June  ? 

3 . Find  at  what  hours  the  fun  will  be  due  eaft  and  weft, 
not  only  at  London,  but  at  every  place  on  the  furface  of  the 
globe,  on  the  21ft  of  March  and  on  the  23d  of  September  ? 

4.  At  what  hours  is  the  fun  due  eaft  and  weft  at  Buenos 
Ayres  on  the  21ft  of  December  ? 

Problem  XLVIT» 

Given  the  fun's  meridian  altitudej  and  the  day  of  the  moniht 
to  find  the  latitude  of  the  place. 

Rule.  Find  the  fun’s  place  in  the  ecliptic,  and  bring  it 
to  that  part  of  the  brafs  meridian  which  is  numbered  from 

* If  the  latitude  be  north,  and  the  fun’s  declination  he  fouth,  he  will 
be  due  eaft  and  weft  when  he  is  below  the  horizon  ; and  the  fame  thing 
will  happen  if  the  latitude  be  fouth  when  the  declination  is  north.  Exam- 
ples excrcifing  thefe  cafes  are  ufelefs ; however  they  are  eafily  folved,  if 
, we  confider  that,  when  the  fun  is  due  eaft  below  the  horizon  at  any  time, 
the  oppofite  point  of  the  ecliptic  w Hl  be  due  weft  above  the  horizon  ; 
" therefore , inftead  of  bringing  the  lowei  edge  of  the  quadrant  to  the  eaft  of 
the  horizon,  bring  it  to  the  weft,  and,  inftead  of  ufing  the  fun’s  place, 
make  ui'e  of  a point  in  the  eoliptic  diametrically  oppofite. 

tlie 
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the  equator  towards  the  poles  ; then,  if  the  fun  was  fouth  * 
of  the  obferver  when  the  altitude  was  taken,  count  the  num- 
ber of  degrees  from  the  fun’s  place  on  the  brafs  meridian 
tovvards  the  fouth  point  of  the  horizon,  and  mark  where 
the  reckoning  ends  ; bring  this  mark  to  coincide  with  the 
fouth  point  of  the  hoi'izon,  and  the  elevation  of  the  north 
pole  will  fhew  the  latitude.  If  the  fun  w'as  north  of  the 
obferver  when  the  altitude  was  taken,  the  degrees  muft  be 
counted  in  a fimilar  manner,  from  the  fun’s  place  towards 
the  north  point  of  the  horizon,  and  the  elevation  of  the 
fouth  pole  will  fhew  the  latitude. 


Or,  without  a globe. 

I 

Subtraft  the  fun’s  altitude  from  ninety  degrees,  the  re- 
mainder is  the  zenith  dillartce.  If  the  fun  be  fouth  when 
his  altitude  is  taken,  call  the  zenith  dittance  north  ; but,' 
if  north,  call  it  fouth  ; find  the  fun’s  declination  in  an  ephe- 
meris  f or  a table  of  the  fun’s  declination,  and  mark  whe- 
ther it  be  north  or  fouth  j then,  if  the  zenith  diftance  and 
declination  have  the  fame  name,  their  fum  is  the  latitude  ; 
but,  if  they* have  contrary  names,  their  difference  is  the  la- 
titude, and  it  is  always  of  the  fame  name  with  the  greater 
of  the  two  quantities. 

Examples,  i.  On  the  loth  of  May  1808,  I obferved 
the  fun’s  meridian  altitude  to  be  50°,  and  it  was  fouth  of 
me  at  that  time  ; required  the  latitude  of  the  place  ? 

Anf’wer.  57“  39'  north. 

By  calcultition, 

90°  o' 

50  o 5.,  fun’s  altitude  at  noon. 


40  o N.,  the  zenith  diftance. 

17  39  N.,  the  fun’s  declination  lOthofMay  180?. 

57  39  N.,  the  latitude  fought. 


• It  is  neceflary  to  ftate  whether  the  fun  be  to  the  north  or  fouth  of  the 
obferver  at  noon,  otherwife  the  problem  is  unlimited. 

f The  moft  convenient  is  White’s  Enhemeris : fee  the  note  pace  ?S. 
1 1 the  Nautical  Almanac. 

2.  On 
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2.  On  the  loth  of  May  1808,  the  fun’s  meridian  alti- 
tude was  obferved  to  be  50°,  and  it  was  north  of  the  ob- 
lerver  at  that  time  ; required  the  latitude  of  the  place  ^ 
AnJ-wtr.  The ! Jtitude  is  22°  ai'  fouth. 

calculat'ioH. 

90'’  o' 

50  o N.,  fun’s  altitude  at  noon. 


40  o S.,  th«  zenith  diftance. 

17  39  N.,  the  fun’s  declination. 

22  21  S.,  the  latitude  fought. 

3.  On  the  5th  of  Augull  1808,  the  fun’s  meridian  alti- 
tude was  oblerved  to  be  74°  30'  north  of  the  obferver ; 
what  was  the  latitude  ? 

4.  On  the  19th  of  November  1808,  the  fun’s  meridian 
altitude  was  obferv'ed  to  be  40®  fouth  of  the  obferver ; 
what  was  the  latitude  ? 

c.  At  a certain  place,  where  the  clock#  are  two  hour* 
fatter  than  at  London,  the  fun’s  meridian  altitude  was  ob- 
ferved to  be  30  degrees  to  the  fouth  of  the  obferver  on  the 
2 1 ft  of  Marcn  ; required  the  place  ? 

6.  At  a place  where  the  clocks  are  five  hours  flower  than 
at  London,  the  fun’s  meridian  altitude  was  obferved  to  be 
60°  to  the  fouth  of  the  obferver  on  the  i6th  of  April  1808  j 
required  the  place  ? 


Problem  XLVIII. 

The  length  of  the  longejl  day  at  any  place,  not  within  the  polar 
circles  being  given,  to  fnd  the  latitude  of  that  place. 

Rule.  Bring  the  firft  point  of  Cancer  or  Capricorn  to 
the  brafs  meridian  (according  as  the  place  is  on  the  north 
or^fouth  fide  of  the  equator),  and  fet  the  index  of  the  hour 
circle  to  twelve  ; turn  the  globe  weft  ward  on  its  axis  till  the 
index  of  the  hour  circle  has  pafled  over  as  many  hours  as 
are  equal  to  half  the  length  of  the  day  ; elevate  or  deprefs 
the  pole  till  the  fun’s  place  (viz.  Cancer  or  Capricorn) 

comes 
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comes  to  the  horizon  ; then  the  elevation  of  the  pole  will 
Ihew  the  latitude. 

Note.  This  problem  will anfwer  for  any  day  in  the  year,  as  well  as 
the  longell  day,  by  bringing  the  fun’s  place  to  the  brafs  meridian,  and 
proceeding  as  above. 

Or.  Bring  the  middle  of  the  analemma  to  the  brafs  meridian,  and  fet 
the  index  of  the  hour  circle  to  la  ; turn  the  globe  weftvvard  on  its  axis 
till  the  index  has  palfed  over  as  many  hours  as  are  equal  to  half  the  length 
of  the  day ; elevate  or  deprefs  the  pole  till  the  day  of  the  month  coincides 
^■ith  the  horizon,  then  the  elevation  of  the  pole  will  ft.  ew  the  latitude. 

Examples,  i.  In  what  degree  of  north  latitude,  and 
at  what  places  is  the  length  of  the  longeft  day  16^  hours  ? 

Anfiuer.  In  latitude  52,°,  and  all  places  fituated  on,  or  near  that  parallel 
•f  latitude,  have  the  fame  length  of  the  day. 

2.  In  what  degree  of  fouth  latitude,  and  at  what  places, 
is  the  longeft  day  14  hours  ? 

3.  In,what  degree  of  north  latitude  is  the  length  of  the 
longeft  day  three  times  the  length  of’ the  fhorteft  night  ? 

4.  There  is  a town  in  Norway  where  the  longeft  day  "is 
five  times  the  length  of  the  fhorteft  night ; pray  what  is  the 
name  of  the  town  ? 

5.  In  what  latitude  north  does  the  fun  fet  at  feven 
o’clock  on  the  ^th  of  April  ? 

6.  In  what  latitude  fouth  docs  the  fun  rife  at  five  o’clock 
on  the  25th  of  November  ? 

7.  In  what  latitude  north  is  the  20th  of  May  16  hours 
long  ? 

8.  In  what  latitude  north  is  the  night  of  the  15th  of 
Auguft  1 o hours  long  ? 


Problem  XLIX. 

’^he  latitude  of  a place,  and  the  day  of  the  month  being  given, 
to fnd  how  much  the  fun’s  declination  mujl  increafe  or  de- 
creafe  towards  the  elevated  pole,  to  make  the  day  an  hour 
huger  or fborter  than  the  given  day. 

Rule.  Find  the  fun’s  declination  for  the  given  day, 
and  elevate  the  pole  to  that  declination  ; bring  the  given 
place  to  the  brafs  meridian,  and  fet  the  index  of  the  hour 
circle  to  twelve  ; turn  the  globe  eaftward  on  its  axis  till  the 

given 
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given  place  comes  to  the  liorizon,  and  obferve  the  hours 
pafled  over  by  the  index  : then,  if  the  days  be  incrcafing, 
continue  the  motion  of  the  globe  eallward  till  the  index  has 
palTed  over  another  half  hour,  and  raife  the  pole  till  the 
place  comes  again  into  the  horizon,  the  elevation  of  the 
pole  will  fhew  the  fun's  declination  when  the  day  is  an  hour 
longer  than  the  given  day  : but,  if  the  days  be  decreafing, 
turn  the  globe  weftward  till  the  index  has  pafled  over  half 
an  hour,  and  deprefs  the  pole  till  the  place  comes  a fecond 
time  into  the  horizon,  the  kill  elevation  of  the  pole  will 
fhew  the  fun’s  declination  when  the  day  is  an  hour  Ihorter 
than  the  given  day. 


Or, 

Elevate  the  pole  to  the  latitude  of  the  place,  find  the 
fun’s  place  in  the  ecliptic,  bring  it  to  the  brafs  meridian, 
and  fet  the  index  of  the  hour  circle  to  twelve  ; turn  the 
globe  wcftward  on  its  axis  till  the  fun’s  place  comes  to  the 
horizon,  and  obferve  the  hours  pafled  over  by  the  index  ; 
then,  if  the  days  be  increafing,  continue  the  motion  of  the 
globe  wcltward  till  the  index  has  pafled  over  another  half 
hour,  and  obferve  what  point  of  the  ecliptic  is  cut  by  the 
horizon  ; that  point  will  fhew  the  fun’s  place  when  the  day 
is  an  hour  longer  than  the  given  day,  whence  the  declina- 
tion is  readily  found ; but,  if  the  days  be  decreafing,  turn 
the  globe  eallward  till  the  index  has  pafled  over  half  an 
hour,  and  obferve  what  point  of  the  ecliptic  is  cut  by  the 
horizon  ; that  point  will  fhew  the  fun’s  place  when  the  day 
is  an  hour  fhorter  than  the  given  day. 

Or,  by  the  analfmma. 

Proceed  exaftly  the  fame  as  above,  only,  inftead  of  bring- 
ing the  fun’s  place  to  the  brafs  meridian,  bring  the  ana- 
lemma  there,  and,  inftead  of  the  fun’s  place,  ufe  the  day 
of  the  month  on  the  analemma. 

Examples,  i.  How  much  mull  the  fun’s  declination  vary 
that  the  day  at  London  may  be  increafed  one  hour  from 
the  24th  of  February  ? 
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AnfiL-er.  On  the  24th  of  February  the  fun’s  declination  is  9°  38'  fouUi, 
and  the  fun  fets  at  a quarter  paft  five  : when  the  fun  fets  at  three  quarters 
part  five,  his  declination  will  be  found  to  be  about  4^°  fouth,  anfwering 
to  the  loth  of  March  : hence  the  declination  has  decreafed  5°  23',  and 
the  days  have  increafed  i hour  in  14  days. 

2 How  much  muft  the  fun’s  declination  vary . that  the 
day  at  London  may  decreafe  one  hour  in  length  from  the 
26th  of  July  ? 

Anftoer.  'I'he  fun’s  declination  on  the  a6th  of  July  is  19°  38'  north, 
and  the  fun  fets  at  49  min.  paft  feven ; when  the  fun  fets  at  19  min.  paft 
feven,  his  declination  will  be  found  to  be  14°  43'  north,  answering  to  the 
13th  of  Auguft  : hence  the  declination  has  decreafed  S°  55*t  ®nd  the  days 
have  decreafed  hour  in  18  days. 

5.  How  much  muft  the  fun’s  declination  vary-,  from  the 
5th  of  April,  that  the  day  at  Peterfburg  may  increafe  one 
hour  ? 

4.  How  much  muft  the  fun’s  declination  vary,  from  the 
4tli  of  October,  that  the  day  at  Stockholm  may  decreafe 
*ne  hour  i 


Problem  L. 

To  Jind  the  fun^s  right  afeenftont  oblique-  afeenjion^  oblique  de- 
feenjion,  afcenjional  difference^  and  time  of  rijing  and  Jetting 
at  any  place. 

Rule.  Find  the  fun’s  place  in  the  ecliptic,  and  bring 
it  to  that  part  of  the  brafs  meridian  which  is  numbered 
from  the  equator  towards  the  poles  * ; the  • degree  on  the 
equator  cut  by  the  graduated  edge  of  the  brafs  meridian* 
reckoning  from  the  point  Aries  eaftward,  will  be  the  fun’s 
right  afeenfion. 

Ele  vate  the  pole  fo  many  degrees  above  the  horizon  as 
are  equal  to  the  latitude  of  the  place,  bring  the  fun’s  place 
in  the  ecliptic  to  the  eaftern  part  of  the  horizon  *[•,  and  the 
degree  on  the  equator  cut  by  the  horizon,  reckoning  froqi 


* The  degree  on  the  meridian  above  the  fun’s  place  is  the  fun’s  decli- 
nation. See  Prob.  XX. 

fThe  rifing  am^'lltude  may  be  feen  at  tlie  fame  time.  See  Problem 
XLIII. 

12  th« 
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the  point  Aries  eallward,  will  be  the  fun’s  oblique  afcen- 
on.  Bring  the  fun’s  place  in  the  ecliptic  to  the  weftem 
part  of  the  horizon  and  the  degree  on  the  equator  cut 
by  the  horizon,  reckoning  from  the  point  Aries  eallward, 
will  be  the  fun’s  oblique  defcenfion. 

Find  the  difference  between  the  fun’s  right  and  oblique 
afcenlion  ; or,  which  is  the  fame  thing,  the  difference  be- 
tween the  right  afcenfion  and  oblique  defcenfion,  and  turn 
this  difference  into  time  by  multiplying  by  4 f ; then,  if 
the  fun’s  declination  and  the  latitude  of  the  place  be  both 
of  the  fame  name,  viz.  both  north  or  both  fouth,  the  fun 
rifes  before  fix,  and  fets  after  fix,  by  a fpace  of  time  equal 
to  the  afcenfional  difference ; but,  if  the  fan’s  declination 
and  the  latitude  be  of  contrary  names,  viz.  the  one  north  and 
the  other  fouth,  the  fun  rifes  after  fix,  and  fets  before  fix. 

Examples,  i.  Required  the  fun’s  right  afcenfion, 
oblique  afcenfion,  oblique  defcenfion,  afcenfional  difference, 
and  time  of  rifing  and  fetting  at  London,  on  the  15th  of 
April  ? 

Anfiuer.  TTie  right  afcenfion  is  23®  30',  the  oblique  afcenfion  is  9°  45  , 
the  afcenfional  difference  (23“  3c/  — 9°  45' rz)  13°  45'  or  55  minutes 
of  time;  confequently  the  fun  rifes  55  minutes  before  6,  or  5 min.  part  5, 
and  fets  55  min.  part  6.  The  oblique  defcenfion  is  37°  ij' ; corife- 
quentiy,  the  defcenfional  diffei-eace  is  (37®  15'  — 23°  30'  13®  45', 

the  fame  as  the  afcenfional  difference. 

2.  What  are  the  fun’s  right  afcenfion,  oblique  afcenfion, 
and  oblique  defcenfion,  on  the  27th  of  September  at  Lon- 
don ; what  is  the  afcenfional  difference,  and  at  what  time 
does  the  fun  rife  and  fet  ? 

3.  What  are  the  fun’s  right  afcenfion,  declination,  oblique 

afcenfion,  rifing  amplitude,  oblique  defcenfion,  and  fetting 
amplitude,  at  London,  on  the  ift  of  May  ; what  is  the 
afcenfional  difference,  and  at  what  time  does  the  fun  rife  and 
fet  ? - 

4.  What  are  the  fun’s  right  afcenfion,  declination,  oblique 
afcenfion,  rifing  amplitude,  oblique  defcenfion,  and  fetting 


* The  fetting  amplitude  may  here  be  feen,  Vide  Prob.  XLIII. 
f See  Problem  XVIII. 

ampli- 
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the  fun’s  declination,  and  a fine  pencil  in  tlie  otlver  foot, 
defcribe  an  arc  ; take  the  complement  of  the  fecoud  alti- 
tude in  a fimilar  manner  from  the  equator,  and,  with  one 
foot  of  the  compaffes  fixed  m the  fecond  point  of  the  fun’s 
declination,  crofs  tlie  former  arc  : the  point  of  interfecliou 
brought  to  that  part  of  the  brafs  meridian  which  is  num- 
bered from  the  equator  towards  the  poles,  willftand  under 
the  degree  of  latitude  fouglit. 

Examples,  i.  On  the  4th  of  June  1808,  in  north  la- 
titude, the  fun’s  altitude,  at  29  minutes  pall  10  in  the  fore- 
noon, was  65°  24',  and  at  31  minutes  jjaft  12,  tlie  altitude 
was  740  8'  ; required  the  latitude  ? 

Anfwr.  The  fun’s  declination  was  22°  north,  the  elapfed  time 
was  two  hours  two  min.,  aufwering  to  30  30  4 the  complement  of  the 
■firll  altitude  was  24"  36',  the  complement  of  the  fecond  altitude  15“  52', 
and  the  latitude  fought  36"  37'  nortli. 

2.  Given  the  fun’s  declination  190^9' north,  his  altitude 
in  the  forenoon  38°  19',  and,  at  the  end  of  one  hour  and  a 
half,  the  fame  inorning,  tlic  altitude  was  50°  25  ; requiivd 
the  latitude  ot  the  place,  fuppofing  it  to  be  north  I 

Aiffioer.  51°  3^'  “oirh  *. 

3.  When  the  fun’s  declination  was  22°  40'  north,  liis 
altitude  at  10  h.  54  m.  in  the  forenoon  was  53’'  29',  and  at 
j h.  17  m.  in  the  afternoon  it  was  52 '48  ; required  the 
.latitude  -of  the  place  of  obfervation,  fuppofing  it  to  be 
north  ? 

Anfiver.  57“  8^  north. 

4.  In  north  latitude,  when  the  fun’s  declination  was 
22°  23' fouth,  being  on  the  5th  of  December,  the  fun’s 
altitude  in  the  afternoon  was  obferved  to  be  14”  46',  and, 
after  i h.  and  22  m.  had  dapfed,  his  altitude  was  8®  27'  } 
required  the  latitude  ? 

AnJ'-Luer,  30®  34’  north. 


• A great  variety^ of  examples,  accurately  calculated  by  a general  rule,, 
without  an  aftumed  latitude,  may  be  fecn  in  Keith's  Trigonemttry^  page 
kc. 
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Problem  LIII. 


The  day  and  hour  being  given  <wher.  a fnlar  eclipfe  wlU  hap, 
pen,  to  find  ichere  it  zvill  be  viftble.  ^ 

Rule.  Find  the  fun’s  declination,  and  elevate  the  pole 
agreeably  to  that  decimation  ; bring  the  place,  at  which 
the  hour  is  given,  to  that  part  of  the  brafs  meridian  which 
IS  nurnbered  from  the  equator  towards  the  poles,  and  fet 
Wie  index  of  the  hour  circle  to  twelve  ; then,  if  the  given 
t^ime  be  before  noon,  turn  the  globe  weft  ward  till  the  index 
has  paired  over  as  many  hours  as  the  given  time  wants  of 
noon  ; it  the  time  be  pafl  noon,  turn  the  globe  eaftward  as 
many  hours  as  it  is  paft  noon,  and  exadly  under  the  degree 
of  the  fun’s  declination  on  the  brafs  meridian  you  will  find 
the  place  on  the  globe  where  the  fun  will  be  vertically 
cclipled : at  all  places  within  70  degrees  of  this  place,  the 
echple  may  * be  viiible,  efpecially  if  it  be  a total  eclipfe 
Example,  On  the  i ith  of  February  1804,  at  27  min. 
paft  ten  o’clock  in  the  morning  at  London,  there  was  an 
eclipfe  of  the  fun  ; where  Was  it  vilible,  fuppofing  the 
moon’s  penumbnd  fiiadow  to  extend  northward  70  degrees 
from  the  place  where  the  fun  was  vertically  eclipfed  ? 

Anfyi  er.  London,  &c.  For  more  examples  confult  the  Table  erf 
Ediples,  following  the  next  problem. 


Probl  EM  LIV. 

The  day  Und  hour  being  given  when  a lunar  eclipfe.  will  hap, 
pen,  to  find  where  it  will  be  viftble.  ^ 

Rule.  lind  the  fun’s  declination  for  the  given  day 
and  note  whether  it  be  nortli  or  fouth  ; ifkbe  north,  cle- 


* y hen  the  mMn  is  exaftfy  in  the  node,  end  when  tlie  axes  of  the 
moon  s lhadow  and  pemmihra  p<i&  through  the  centre  of  the  earth,  the 
breadth  of  the  earth  s lurface  under  the  penumbra!  Shadow  is  70^^  -zc/  ~ 
but  the  breadth  of  this  fiwdosv  is  variable  ; and,  if  it  be  not  accurately  de- 
termined by  calculation,  it  is  impoffible  to  tell  by  the  globe  to  what  e«ent 
an  eclipleofthe  Iim  will  be  vifible. 
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PariUl. 


vate  the  fouth  pole  fo  many  degrees  above  the  horizon  as  are 
equal  to  the  declination  ; if  it  be  fouth,  elevate  the  north 
pole  in  a fimilar  manner  ; bring  the  place  at  which  the 
hour  is  given  to  t^iat  part  of  the  brais  meridian  which  is 
numbered  from  the  equator  towards  the  poles,  and  fet  the 
index  of  the  hour  circle  to  twelve  ; then,  if  the  given  time 
be  before  noon,  turn  the  globe  weftward  as  many  hours  as 
it  wants  of  noon  ; if  after  noon,  turn  the  globe  eaft  ward  as 
many  hours  as  it  is  paft  noon  ; the  place  exa6lly  under  the 
degree  cf  the  fuit^s  declination  will  be  the  antipodes  of  the 
place  where  the  moon  is  vertically  ecli])fed.  Set  the  index 
of  the  hoiu'  circle  again  to  twelve,  and  turn  the  globe  on 
its  axis  till  the  index  has  paffed  over  twelve  hours  ; then  to 
all  places  above  the  horizon  the  eclipfe  will  be  vifiblc  ; to 
thole  places  along  the  wcltern  edge  of  the  horizon  the  moon 
will  rife  eclipfed  ; to  thofe  along  the  eaftern  edge  die  will 
fet  eclipfed  ; and  to  that  place  immediately  under  the  fun’s 
declination  the  moon  will  be  vertically  eclipfed. 

ilxAMPLE.  On  the  z6th  of  January  1804,  at  58  min. 
paft  feven  in  the  afternoon,  at  London,  there  was  an  ecliple 
of  the  moon  ; where  was  it  vifible  ^ 

ylrficer.  It  was  vifible  to  the  whole  of  Europe,  Africa,  and  the 
tontinent  of  Afia.  For  more  examples,  lee  the  following  'J’able  of 
iidipfes. 

Note.  The  fubftance  of  the  following  Table  of  Eclipfes  was  ex- 
tra^lc'd  from  Dr.  Hutton's  tranfialion  of  Monluclas  edition  of  Ozanam's 
Matbcmat'ir.al'iwA  /'/ij/Jca/ publifiied  by  Mr.  Kearfiey  in  Fleet- 
llreet.  I'liefe  eclipfes  were  originally  c.ilculated  by  M.  Piingre,  a mem- 
ber of  the  acaden'.y  of  fciences,  and  puhlilhcdin/-’.rf/  lr/fj  wri/.rr  Ics  Dates. 
In  claffing  thelc  tables,  the  arrangement  of  Mr.  Fergufon  has  been  fol- 
lowed ; fee  page  267  of  his  Aftronomy,  where  a catalogue  of  the  vifible 
eclipfes  is  given  from  1700  to  1800,  taken  from  L'Art  de  verifier  les 
Dates.  It  may  be  necefTary  to  inform  the  learner,  that  the  times  of  thefe 
eclipfes,  as  calculated  by  M.  Pringre,  are  not  perfetlly  acairate,  and  were 
only  defigned  to  fitew  nearly  the  time  wlien  an  eclipfe*  may  be  expefted  to 
happen.  'Fhe  limits  where  thefe  eclipfes  are  vilible  are  generally  from 
the  tropic  of  Cancer  in  Africa,  to  the  1101  them  extremity  of  Lapland,  and 
from  the  jth  degree  of  north  latitude  in  Afia,  to  the  north  polar  circle  ; 
though  fome  few  of  them  are  vifible  beyond  the  pole.  In  longitude,  tlie 
limits  are  the  5th  and  155th  meridians,  fuppofing  the  20th  to  pafs  throueh 
P.iris;  hence  it  appears  that  tliey  are  calculated  fir  the  meridian  of  Ferro  • 
which  will  make  their  limits  from  London  to  be  from  12°  46  well  long.* 
to  137®  14'  eaft.  M.  Fringre  fays,  than  an  eclipfe  ofihe  fun  is  vifible  from' 
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^ j"  to  64"  north,  and  as  far  foiith  of  the  place  where  it  is  central.  In  the 
following  table  the  moon  is  reprefented  by  ]) , the  fun  by  q,  T itaiuhs 

^or  total,  P for  partial,  M for  morning,  and  A for  afternoon  ; the  reil  is 
cbvtcu:. 


1 Alonths 

Alonths 

Vears 

and 

Time. 

Years. 

and 

d’ime. 

Days. 

Days. 

i8oci  5T 

Jan.  1 c 

9M 

1816 

DP 

Dec.  4 

9 A 

10 

Ijune  26 

1 1 A 

1817 

0 

'May  16 

7 M 

D T j.Iiily  1 1 

9 A 

D P May  3 

A 

^8o6 

D P 'Jan.  c 

oM 

0 

Nov.  9 

2 k M 

0 

iJune  I 6 

4 A 

1818 

DP 

April  2 I 

0*  M 

1 

D P iJiine  30 

10  A 

0 

ISUv 

H M 

1 

0 

Dec.  10 

2iM 

DP 

Otlob.  1416  M 

00 

0 

])  P iMay  2 I 

A 

1819'  D T 'April  10 
'0  'April  24 

D A 

t 

0 

June  6 

M 

Menti.  1 

))P 

Nov.  15 

8'v  M 

j 

0 jSept.  19 

I A 

t 

/r\ 

Nov.  20 

Merit! . 

1 

D T ■OtJ’iob.  3 

.3^  A 

!i8o8 

1 

i' 

])T 

dt 

May  10  8 M 

Nov,  3 '9  M 

1820  D P tMarch  29 
0 iSept.  7 

7 A 

2 A 

1800 

0 

Nov.  18  i 

3 M 

1 

DP 

Sept.  22 

7 

DP 

April  30  J M 

!i82I 

0 

March  4 

6 M 

DP 

Otlob.2  3 0^  M 

!i822 

D P iFeb.  6 

5k  M 

1810 

0 

April  4 

2 M 

^ ■ ■ ■ 

DP 

Aug.  3 M 

1811 

DP 

March  10  65  M 

1^823 

dt 

.fan.  26  i 

c|  A 

DP 

Sept.  2 !i  I A 

0 

Feb.  II  13  M 

1812 

dt 

Feb.  27 

6 M 

1 

0 

July  8 

6|  M 

dt 

Auguft2  2 3 A 

1 

i 

])  T'July  23 

3^  M 

1813  0 

Feb.  I ,'9  J'l 

1824 

dP 

Jan.  16 

9 M 

' 

DP 

Feb.  15  ,9  M 

1 

1 

0 

June  26 

1 I ij;  A 

DP 



DP 

.July  1 1 

4iM 

1814  0 

Jan.  21  A 

July  17  I7  M 

0 

Dec.  20 

II  M 

0 

1823 

DP 

June  I 

0^  M 

DP 

Dec.  26  1 

I i -l  A 

0 

June  16 

ol  A 

1815 

dt 

June  21  1 

6k  A 

DP 

Nov.  25 

4 .'  A 

.luly  7 ; 

0 M 

1826 

J)  TjMay  2 1 

3l  A 

DP 

Dec.  16  I 

A 

])  T tNov.  14 

A 

i8i6 

dt 

lime  10  I 

M 

— 

0 

Nov.  29 

I M 

" f 

ry 

VI* 

Nov.  19 

loi  M 

1827 

0 ! 

April  2 ' 

1|M 

3 
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I'art  ill. 


Y ears 

Months 

and 

Days. 

— 

Time. 

;Y  cars.^ 
1 -1 

Months 

and 

D.'iys. 

1 

• »«•  * 
I imc.  I 

CO 

Msy  1 1 

8-i  iSI 

|i84x!0 

1 

Fob. 21 

II  M I 

— 

(IP 

Nov.  3 

5 A 

0 Julv  iS 

2 A 

1828 

April  14 

9^M 

‘ DT 

Aug.  2 

10  M i- 

0 

Odlrob.  9 

c-iM 

U842  DP 

Jan.  26 

6 A < 

I82Q 

i)P 

March  20 

2 A 

: .0  Ijuly  8 

7 M. 

])P 

Sept.  13 

7 M 

, ' IJ 

) . i/  i 

July  22 

11  M ' 

0 

Sept.  28 

2^  I.l 

'1843  D P iJuiic  12 

8 M 

0 

0*3 

00 

0 

Deb.  23 

SM 

‘ , D P iDec.  T 

oi  M 

dt 

March  9 

2A  ! '0  1 

.Dec.  2 ! 

si  M 

dt 

Sept.  2 

II  A |ii844  DT  Mav 

I i;J  A 1 

1 83 1 

.p 

Feb.  26 

5 A 

, DTiNov.  2c 

o'-M- 

DP 

Aug.  23 

icl  Ml 

184*:  0 

Mav  6 

ici  M 

1832 

fO 

July  27 

2-^  A 

' >T'May2i  • 

44  A 

iS.33 

dp 

Jan.  6 

8 M 

D P !Nov.  14 

1 M 

dp 

July  2 

I M 

,i£46  0 

April  25 

54  A 

July  17 

7 M 

— © 

Odob.  20  84  M 

D 1'  Dec.  26 

lo-  A 

1847  dP 

March  3 1 c-S  A 

dt 

.Tur.e  21 

8-1  M 

J 

Sept.  24 

3 A 

— 

DP 

Dec.  ;6 

Si  M 

1 '0 

Odob.  0 

ni  M 

^835 

May  27 

i -j  A 

1S48  JT 

March  lo^oi  A 

iP 

June  10 

II  A 

— ; t 'I' 

Sept.  13 

6k  M 

■ — — 

0 

Ncv.  20 

II  M 

i 0 

Sept.  27 

10  M 

1836 

DP 

May 

M 

J849  0 

Feb.  23 

D M 

0 

May  15 

2i  A 

: } D P 

March  9 

I M 



dP 

Odlob.  24 

14  A 

— 1'  p 

Sept.  2 

54  A 

11837 

dt 

April  20 

9 A 

J^5°0 

Feb.  12 

64  M 

— 

May  4 

7^  A 

' lyv 

Aug.  7 

10  A j 

— 

'D  T jOctob.  i3jiit  A 

1851I  dP 

Jan,  17 

5 ^ } 

1838 

dP 

April  10 

2-1  M 

1 

July  I 3 

74  M j 



dP 

Odob.  3 

3 A 

i 1^' 

Ju.y  28 

z\A  1 

1839 

0 

March  iyz\A 

1852  Ut 

Jan.  7 

6VM 

Sept.  7 

ici  A 

— ^ 

July  I 

^^A  i 

1840 

dP 

r,-b.i7 

2 A 

— © 

Dec.  1 1 

4 M 1 

(0  ' 

March  4. 

— : X p 

Dec.  26 

I A 

t 

! 

Aug-  13 

7I  M 

dP 

June  21 

6 M 

118411^  r 

[I't  b.  6 

2i  M 

11854' 

Mav  12 

4 A 
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Iv  ears 

Months 

and 

Days. 

Time. 

1 Years 

Months 

and 

Days. 

Time 

iScJ  D P 

Nov.  4 

9\  A 

ji867 

DP 

March  2c 

9 M 

1895 

5)T 

Mav  2 

1 

DP 

Sept.  14 

I M 

* 

May  16 

2[  M 

'1868 

0 

Feb. 23 

2i  A 

DT 

Oclob.  25 

8 M 

1 

0 

Aug.  18 

51  M 

58^6 

])P 

April  20 

9!  M 

[1869 

DP 

Jan.  28 

H M 

0 

Stpt.  29 

4 M 

\ 

1 " 

DP 

July  23 

2 A 

i)P 

Odob.  13 

II  ■ A 

1 

0 

Aug.  7 . 

10  A 

1857 

0 

Sept.  18 

,6  M 

1870 

D T 'Jam  17 

3 A 

1858 

])P 

Feb.  27 

IC]  A 

! 

DT 

July  12 

II  A 

0 

March  15 

ot  A 

— 

0 

Dec.  22 

0]  A 

])P 

Aug.  24 

2i  A 

1871 

DP 

Jan.  6 

9i  A 

; ^859 

rr 

Feb.  17 

II  M 

— 

0 

June  18 

2i  M 

0 

.Tuly  29 

9i  ^ 

1 

DP 

July  2 

li  A 

DT 

Aug.  13 

4IA 

— — 

0 

Dec.  12 

M 

‘ t866 

DP 

Feb.  '7 

24  M 

1872 

DP 

May  2 2 

1 1 i A 

'0 

billy  18 

2 A 

A'  'v 

■June  6 

3.^  M ' 

1 

DP 

Aug.  I 

A 

1 

j 

D P !Nov.  I r 

^ M ' 

[1S61 

•Jail.  II 

bi  M 

11873 

dt 

May  12 

lal  M 

1 

h 

July  8 

2 M' 

0 

May  26 

9':.  M ■ 

iP 

Dec.  17 

8]  M 



D T 

Nov.  4 

4i  A ' 

0 

Dec  31 

2i  A = 

1874 

DP 

May  I 

4^  A j 

1862 

DT 

June  12 

M 

Od.  10 

II]  hi 

DT. 

Dec.  6 

8!M. 

DP 

Od.  25 

8'M  ^ 

0 ■ 

Dee,  21 

5^  M 

1875 

0 

April  6 

7M  • 

1863. 

0 

May  17  » 

^fA  - 

0 . 

Sept.  2Q 

14  A ' 

DT 

June  2 

0 M 

1876 

dP 

March  10 

6]  Mt 

D P 'Nov.  25 

9 M 

— — 

dp 

Sept.  3 

9r  A 1 

1864! 

0 :Muy6 

oi  M 

1877 

dt 

Feb.  27 

7r  A - 

1 8651 

D P lApril  1 1 

5M 

0 

March  15 

3 M 1 

DP 

Uttob.4 

II  A 

— 

0 

Aug.  9 

5 M ■ 

1 

0 

06tob.  19 

5 A 

— — — 

dT 

Aug.  23 

1 14  A 

i860 

•0 

March  iC 

10  A 

1878 

DP 

Feb.  17 

ii4  M 

— 

dt 

March  31 

;M 

0 

July  29 

9]  A 

dt 

Sept.  24 

2]A 

dp 

Aug.  13 

ofM 

0 

□dob.  8 

A 

1879 

0 

Jan,  22. 

Merid. 

1867 

0 

March  6 

10  M 

0 

July  19 

9 M 

M 4 


PROBLEMS  PERFORMED  BY 


Part  III. 


2 'ft 


Ye.us. 

Months 

ami 

l)ays. 

'rime. 

' 

Years. 

Months 

and 

Days. 

Time.  1 

1870 

]>P 

Dec.  28 

4i  A 

i8go 

DP 

Nov.  26 

2 A 

1880 

6-' 

fan.  1 1 

II  A 

i8qi 

dt 

May  2 3 

7 A 

DT 

June  22 

2 A 

1 

0 

June  6 

4l  A 

DT 

Dec.  16 

4 A 

, 

dT 

Nov.  16 

oiM 



if 

Dec.  3 1 

2 A 

1892 

dp 

May  1 1 

1 1 A. 

1 88 1 

X/ 

May  28 

0 M 

dt 

Nov.  4 

4 -^  A , 

— — 

))T 

func  12 

7tM 

1803^ 

April  1 6 

3 A 

— 

\)V 

i'ec.  5 

ji  A 

1894 

DP 

March  21 

2\  A 

!382 

May  17 

8 M 

0 

April  6 

4lM 

vVov.  1 1 

0 M 

DP 

Sept.  15 

4^M 

i? 

Af.ril  22 

Mead. 

Q 

Sept.  29 

5«M 

Oa.  16 

7\  M 

1899 

dT 

March  1 1 

4M 

_ — 

0 

0<^J.  3 1 

o|  M 

March  26 

10  M 

fSP/, 

'2f 

March  27 

6 M 



0 

Aug.  20 

A 

— 

D'i' 

April  10 

Merid. 

— 

dT 

Sept.  4 

6 M 

IT 

061.  4 

10^  A 

1896 

dP 

Feb.  28 

8 A 

061.  19 

I M 

Aug.  9 

4iM 

1885 

DP 

March  Jo 

5A  1 

— 

DPI 

Aug.  23 

7 M 



DP 

Sept.  24 

H M 

1897 

No  vilibie  Jiciipie. 

1886 

0 

A ug.  29 

li  A 

1898 

dP 

Jan.  8 

oJ^.M 

1887 

DP 

Feb.  8 

loi  M 

Jan.  22 

8 M 

DP 

Aug.  3 

9 A 



July  3 

9i  A 

if 

Aug.  19 

6 M 

dT 

Dec.  27 

12  A 

188S 

DT 

Jan.  28 

ii  ii  A 

1899 

0 

Jan.  11 

II  A 

D T 

July  23 

6 M 

June  8 

7 M 

1889 

DP 

Jan.  ij 

5i  M 

— 

dT 

June  23 

2^  A 

dP 

July  12 

9 A 

! 

dP 

Dec.  17 

li  M 

— 

0 

Dec.  22 

I A 

<^oo 

May  28 

3lA 

1890 

t,  P June  23 

6M 

i 

JP 

June  13 

4M 

— 

0 

June  17 

10  M 

1 

0 

Nov.  22 

8M 

A TABI^ 
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A TABLii. 

FOR  FINDING  THE  MOOn’s  AGE 
Add  the  mimber  taken  from  this  tabl.e  to 
the  day  of  the  month  ; the  fiim  (rejec- 
ting 30,  if  it  exceeds  30,)'is  the  moon’s 
age 


Year 


i8cs 


i8g6^ 

I 

i8c;  2 


1809 


2 1 


1808 


1810 


1811 


181; 


I3iI2 

I 


\ 5 


61  8 


U 

^ £ 
-<J  O 

o z 


14 15 


3*  4 


14 i6t3 


25  27ji6 


s! 


1813 


1814 


28 


19 


18 


c;29 


26 


16I17 

27I28 


7l  8|  9 


t6^i;!l8il9j20 


i7|28  29 


iiliolii 


1815J2C 


18161  I 


1817  12 


i8i8  23 


1819 


1820 


1821 


15 


26 


182: 


1823118 


22j2lj22 
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Though  the  preceding  table  be  calculated  only  for  nineteen  years,  it 
v'ill  anfwer  for  a century  to  come,  by  changing  the  years  at  the  expira-  • 
tion  of  nineteen  ; thus,  inftead  of  1805,  \Vrite  1824,  and  fo  on  in  a gra- 
dual fucceflion  to  1842,  without  any  alteration  in  the  figures  under  the 
months  ; and,  when  thefe  years  are  ebipfed,  begin  again  with  i84.‘5,  &:c. 
The  time  of  new  jnoon  may  be  had  by  fubtrafiing  the  number  in  the  table 
eppofite  die  given  year,  and  under  the  given  month,  from  30 ; thus  the 
time  of  new  moon  in  March  1820  is  on  the  14th  (”  30—16)  ; in  De- 
cember the  fame  year,  new  moo»  happens  on  the  5th  (—  30 — 2j) ; and 
fo  on  for  any  other  year  and  month. 

To  find  the  time  of  full  moon,  fubtr-aft  the  number  in  the  tabic,  oppofite 
the  given  year,  and  under  the  given  month,  from  30;  if  the  remainder  be- 
35,  full  moon  happens  on  the  30th  day  of  the  month  if  the  remainder  ex- 
ceed 15,  the  excefs  above  15  is  the  day  of  the  month  on  which  full  mcen  1 
happens;  if  the  remainder  fall  fliort  of  15,  add  15  to  it,  and  the  fum  will 
Ihew  the  day  of  the  month  on  which  full  moon  will  happen.  Thus,  full 
moon  happens  on  January  30, 1820,  (30 — ijrsij).  In  November  1818,. 
Jullmoon  happens,  on  the  12th  (30  — 3 ~ 27,  and  27  -=-  i 22).  In 
January  1818,  full  moon  happens  on  the  22d  (30 -r- 23  ~ 7,  and  7 + 
a2)i  At  the  time  of  conjunftion,  or  new  moon,  the  fun  and  moon 
are  in  the  fame  fign  and  degree,  and  the  moon’s  motion,  is  12®  11'  6^' 
fwifrer  than  the  apparent  motion  of  the  fun  (fee  the  note  page  76)  ; if 
this.  di0brence,  therefore,  be  multiplied  by  the  moon’s  .age,  the  prodiidb 
will  give  the  number  of  degrees  which  the  moon’s  place  is  before,  the 
fan’s  7 and,  as  the  fun’s  place  is  readily  found  by  the  globe,  the  moon’s 
place  will  ^ eafily  obtained.  Likewife,if  the  place  of  the  moon’s  node  »• 
be  given  for  any  particular  year,  its  place  for  any  other  year  may  be  cal- 
culated, the  mean  annual  variation  being  about  19°  19^44"  (fee  page  135.) 
Hence  the  following  problem  may  be  folved,  though  not  .very  accurately, , 
without  an  cphemcris.. 


• In  a central  eclipfe  of, the  moon,  the  moon’s  place  at  the  middle  of" 
theeclipfe  is  diredlly  oppofite  to  the  fun,  and  the  moon  is  then  in  one  of 
her  nodes.  If  the  fun’s  place  in  the  ecliptic  lie  determined  at  that  time 
by  obfervation,  the  oppofite  point  wiU  be  the  true  place  of  the  moon’s 
node. 
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Problem  LV. 

To  Jind  the  time  of  the.  year  luhen  the  fun  or  moon  nvlU  le  liaSU. 

to  be  ecUpfed, 

Rule.  i.  Find  the  place  of  the  moon’s  nodes,  the 
time  of  neiu  moon,  and  the  fun’s  longitude  at  that  time,  by 
an  ephemeris  * ; then,  if  the  fun  be  within  17  degrees  of 
the  moon’s  node,  there  will  be  an  eclipfe  of  the  fun. 

2.  Find  the  place  of  the  moon’s  nodes,  the  time  of  full 
moon,  and  the  fun’s  longitude  afthat  time,  by  an  ephe- 
meris  ; then,  if  the  fun’s  longitude  be  within  12  degree* 
of  the  moon’s  node,  there  will  be  an  eclipfe.  of  the 
moon.. 

Examples,  i.  On  the  15th  of  January  1805,  there 
was  a full  moon,  at  which  time  the  place  of  the  moon’s 
node  was  yy>  25®  54',  and  the  fun’s  longitude  VS  25°  did  an 
eclipfe  of  the  moon  happen  at  that.that  time  ? 

Anpwe’‘m  Here  the  fun  was  nearly  in  the  moon’s  node,  therefore  a total  i 
eclipfe  of  the  moon  took  place;  for,  when  the  fim  is  in  one  of  the  moon’» 
nudes  at  the  time  of  full  moon,  the  moon  is  in  the  odier  node,  and  the 
earth  is  directly  between  them  ; the  moon’s  place  was  confeijuently  about' 
in  Cancer. 

2.  It  appears,  by  the  foregoing  table,  that  there  was  a> 
#iew  moon  on  the  50th  of  January  1805,  at  which  time  the 
place  of  the  moon’s  node  was  w 25°  16',  and  the  fun’s 
ibogitude  or  place  was  c.'  io°  ; , was  there  an  eclipfe  of  the 
uo  at  that  time  ? 

3.  By  the  foregoing  table,  or  by  an  ephemeris,  there  will 
Be  a new  moon  on  the  19th  of  0<ftober  1808,  at  which  time 
the  place  of  the  nwon’s  node  will  be  1 3'’  6’  and  the  fun’s 
longitude  :2:  250  j6'  j will  there  be  an  eclipfe  of  the  fun  at 
that  time  ? 

4.  On  tlie  3rd  of  November  1808,  there  will  be  a full 
moon,  at  which  time  the  place  of  the  moou’s  node  will  be 
rri  12®  18'  and  the  fun’s  longitude  rt]  10^55'  ; will  there 
be  an  eclipfe  of  the  moon  at  that  time  ? 


* White’s  Ephemeris,  or  the  Nautical  Almanac. 
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5.  On  the  4th  of  April  1810,  there  will  he  a new  moon, 
at  which  time  the  place  of  the  moon’s  node  will  be  rCi  14° 
57'  and  the  fun’s  longitude  ‘V'  14°  4'  ; will  there  be  an 
eclipfe  of  the  fun  at  that  time  ? 

6.  On  the  28th  of  September  1810  there  will  be  a new 
moon,  at  which  time  the  place  of  the  moon’s  node  wdll  be 
^ 5°  32'  : and  the  fun’s  longitude  ^ 4°  40'  ; w'ill  theie 
be  an  eclipfe  of  the  fun  at  that  time  ? 


Problem  LVI. 

To  explain  the  phenomenon  of  the  har  vejl  moon. 

Detin  IT! o\  i.  The  har\-efl  moon,  in  north  latitude, 
ts  the  full  moon  which  happens  at,  or  near,  the  time  of  the 
autumnal  equinox  ; for  to  the  inhabitants  of  north  latitude, 
whenevef  the  moon  is  in  Pifees  or  Aries  (and  fhe  is  in  thefe 
figns  twelve  times  in  a year),  tliere  is  very  little  difference 
* between  her  times  of  rifing  for  feveral  nights  together, 
bccaufe  her  orbit  is  at  thefe  times  nearly  parallel  to  the  ho- 
rizon. This  peculiar  rifing  of  the  moon  paffes  unobferved 
at  all  other  times  of  the  year  except  in  September  and  Oc- 
tober ; for  there  can  never  be  a full  moon  except  the  fun 
be  dirciftly  oppofite  to  the  moon  j and  as  this  particular 
rifing  of  the  moon  can  only  happen  when  the  moon  is  in  X 
Pifees  or  'y'  Aries,  tlie  fun  mull  neceffarily  be  either  in  ttR 
Virgo  or  jCb  Libra  at  that  time,  and  thefe  figns  anfwer  to 
the  months  of  September  and  Ocilober. 

Definition  2.  The  harveft  moon,  in  fouth  latitude, 
^is  the  full  moon  which  happens  at,  or  near,  the  time  of  the 
vernal  equinox  ; for,  to  the  inhabitants  of  fouth  latitude, 
wlienever  the  moon  is  in  njj  Virgo  or  ^ Libra  (and  file  is 
in  thefe  figns  twelve  times  in  a year)  her  orbit  is  nearly  pa- 
rallel to  the  horizon  ; but,  when  the  full  moon  happens  in 

Virgo  or  Libra,  the  fun  mall  be  either  in  X Pifees 
or  Y . Hence  it  appears  that  the  harveft  moonS  are  juft 
»S  regular  in  fouth  latitude  as  they  are  in  north  latitude, 
«rJy  they  kappen  at  x:ontrar)^  times  of  the  year. 
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Rule  for  performing  the  problem. — i.  For 
north  latitude.  Elevate  the  north  pole  to  the  latitude  of  the 
place,  put  a patch  or  make  a mark  in  the  ecliptic  on  the 
point  Aries,  and  upon  every  twelve  * degrees  preceding  and 
following  that  point,  till  there  be  ten  or  eleven  marks  ; 
bring  that  mark  which  is  the  neareft  to  Pifces  to  the  eaft- 
ern  edge  of  the  horizon,  and  fet  the  index  to  12  ; turu  the 
globe  weftward  till  the  other  marks  fuccellively  come  to 
the  horizon,  and  obferve  the  hours  paffed  over  by  the  in- 
dex ; the  intervals  of  time  between  the  marks  coming  to  the 
horizon  will  fliew  the  diurnal  difference  of  time  between  th® 
moon’s  rifing.  If  thefe  marks  be  brought  to  the  weftern 
edge  of  the  horizon  in  the  fame  manner,  you  will  fee  tlie 
diurnal  difference  of  time  between  the  moon’s  fetting  ; for, 
. when  there  is  the  fmallefl  difference  between  the  times  of 
the  moon’s  riling  f , there  will  be  the  greateft  difference 
between  the  times  of  her  fetting  ; and,  on  the  contrary, 
when  there  is  the  greateft  difference  between  the  times  of 
the  moon’s  riftng,  there  will  be  the  ieaft  difference  between 
the  times  of  her  fetting. 

Note.  As  the  moon’s  nodesvary  their  pofition  and  form  a complete 
revolution  in  about  nineteen  years,  there  will  be  a regular  period  of  all  the 
varieties  which  can  happen  in  the  rifing  and  fetting  of  the  moon  during 
that  time.  The  following  table  (extradbed  from  Fergufon’s  Aftronomy) 
fliews  in  what  years  the  harveft  moons  are  the  leaft  and  the  moll  benefi- 
cial, with  regard  to  the  times  of  their  riling,  from  1805  to  i860.  The 
columns  of  years  under  the  letter  L are  tliofe  in  which  the  harveft  moons 
arc  lead  beneficial,  becaul'e  they  fall  about  the  defeending  node ; and  riiofe 
under  M are  the  molt  beneficial,  becaul'e  they  fall  about  the  afeending 
node. 


• The  reafon  why  yon  mark  every  la  degrees  is,  that  the  moon  gains 
ii'  of  the  fun  in  the  ecliptic  everyday  (fee  the  ad  note,  page  76). 

-j-  At  London  when  the  moon  rifes  in  tlie  point  Aries,  the  ecliptic  at 
that  point  makes  .an  angle  of  only  15  degrees  with  the  horizon  ; but, 
when  Ihe  fets  in  the  point  Aries,  it  makes  an  an  angle  of  6z  degrees  : and, 
when  the  moon  rifes  in  the  point  Libra,  the  ecliptic,  at  that  point,  makes 
an  angle  of  62  degrees  with  the  horizon  ; but,  when  Ihe  fets  in  the  point 
Lib»a,  it  only  makes  an  angle  of  degrees  with  the  hotizon,  ' 
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2.  For  fonth  Umtuth.  Elevate  the  foTith  pole  to  the  la- 
titude of  the  place,  put  a patch  or  make  a mark  on  the 
ecliptic  on  the  point  Libra,  and  upon  eveiy  txrelve  dcgreea 
preceding-  and  following  that  pf  int,  till  there  be  ten  or  ele- 
■w?n  marks  ; bring  that  mark  which  is  the  nearell  to  Virgo, 
to  the  eafleni  edge  of  the  horizon,  and  let  the  index  to 
12  ; turn  the  globe  welt  ward  till  the  other  marks  fuccef- 
fively  come  to  the  horizon,  and  obferve  the  hours  palfed 
over  by  the  index  ; the  intervals  of  time  between  the  marks 
coming  to  the  horizon,  will  be  the  diurnal  difference  of 
time  between  the  m.oon’s  rifing,  Sec.  as  in  the  foregoing^ 
part  of  the  problem 

Problem  LVIT. 

The  day  and  hour  of  an  eclipfe  of  any  one  of  the  fatelUtes  of ' 
y tetter  Being  given  to  find  upon  the  globe  all  thofe  places 
•where  it  •will  he  v flle» 

Rule.  Find  the  fun^s  declination  for  the  given  day, 
and  elevate  the  pole  to  that  declination  ; bring  the  place  at. 
which  the  hour  is  given  to  thebrafs  meridian,  and  fet  the 
index  of  the  hour  circle  to  12  ; then,  if  the  given  time  be 
before  neon,  turn  the  glebe  -weftward  as  many  hours  as  it 
wants  of  noon  ; if  after  noon,  turn  the  globe  eaftwardas 


* This  fohitiort  is  on  a fvippofiticn  that  the  moon  keeps  conftantly  in 
the  ecliptic,  which  is  I'l.fficiently  acairate  for  illuilrating  the  problem. 
Gthcrwiie  the  latitude  and  longitude  of  the  moon,  or  uer  right  afeenfion 
and  declination,  may  be  taken  from  the  Ephemeris,  at  the  time  of  full 
moon,  and  a few  days  preceding  and  following  it ; her  place  will  then  be 
iTuly  marked  on  the  globe. 
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many  hours  as  it  is  paft  noon  ; fix  the  globe  in  this  pofition  : 
Then, 

1 . If  Jupiter  rife  ofter  the  fun  *,  that  is,  if  he  be  an 
evening  ftar,  draw  a line  along  the  eajiern  edge  of  the  /jo?-/- 

with  a black  lead  pencil,  this  line  willpafs  overall  pla- 
ces on  the  earth  where  the  fun  is  fettiiig  at,  the  given  hour  ; 
turn  the  globe  weft  ward  on  its  axis  till  as  many  degrees  of 
the  equator  have  pafled  under  the  brafs  meridian  as  are 
equal  to  the  difference  between  the  fun’s  and  Jupiter’s  right 
afeenfion  keep  the  globe  from  revolving  on  its  axis,  and 
elevate  the  pole  as  many  degrees  above  the  horizon  as  arc 
equal  to  Jupiter’s  declination,  then  draw  another  line  with 
a pencil  along  the  eaftern  edge  of  the  horizon  : the  eclipfe 
will  be  vifible  to  every  place  between  thefe  lines,  viz.  from 
the  time  of  the  fun’s  letting  to  the  time  of  Jupiter’s  fetting. 

2.  If  Jupiter  rife  before  the  fun  -f*,  that  is,  if  he  be  a 
morning  ftar,  draw  a line  along  the  <wejhrn  edge  of  the  ho- 
rizon with  a black  lead  pencil,  this  line  will  pafs  over  all 
places  of  the  earth  where  the  fun  is  rifing  at  the  given  hour  ; 
turn  the  globe  eaftward  on  its  axis  till  as  many  degrees  of 
the  squator  have  paffed  under  the  brafs.  meridian  as  are 
equal  to  the  difference  between  the  fun’s  and  Jupiter’s  right 
afeenfion  ; keep  the  globe  fix)m  revolving  on  its  axis,  and’ 
elevate  the  pole  as  many,  degrees  i.'bove  the  horizon  as  are 
equal  to  Jupiter’s  declination,  then  draw  another  line  with 
a pencil  along  the  weftern  edge  of  the  horizon  the  eclipfe 
will  be  vifible  to  every  place  between  thefe  lines,  viz.  from, 
the  time  of  Jupiter’s  riling  to  the  time  of  the  fun’s  rifing. 

Examples,  i,.  On  the  i^tli  of  January’  1805  there 
was  an  emerfion  of  the  firft  fatellite  of  Jupiter  at  9 m.  3 fee., 
paft  five  o’clock  in  the  morningj  at  Greenwich  j where  was 
it  vifible  ? 

Anfioer.  In  this  example  the  longitude  of  the  fun  exceeds  the  longi- 
tude of  Jupiter,  therefore  Jupiter  was  a morning  liar,  his  declination  being 
19“  16’  S.  and  t is  longitude  7 figns  49®  46’,  by  the  Nautical  Almanac  ; 
his  right  afeenfion  and  the  fun’s  right  afeenfion  may  be  found  by  the 


• Jupiter  rifes  after  the  fun,  when  his  longitude  is  greater  than  the 
fun’s  longitude. 

f Jupiter  rifes  before  the  fun  when  his  longitude  is  lefs  than  the  fun’s 
longitude. 
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gV)l}e  ; for,  If  Jupiter’s  longitude  in  the  ecliptic  be  brought  to  the  brafe 
meridian,  his  place  will  ftand  under  the  degree  of  his  declination  * ; and 
liis  right  afcenfion  wiH  be  found  on  the  equator,  reckoning  from  Aries. 
This  eclipfe  was  vifible  at  Greenwich,  the  greater  part  of  Europe,  the 
weft  of  Africa,  Cape  Verd  Iflands,  &c. 

2.  On  the  13th  of  February  1810,  at  9 in.  54  fee.  paft 
feven  o’clock  in  the  evening,  at  Greenwich,  there  wnll  be 
an  emerfion  of  the  fecond  fatellite  of  Jupiter  ; where  will 
the  eclipfe  be  vifible  ? Jupiter’s  longitude  at  that  time  be- 
ing o figns  21*28';  and  his  declination  1°  7' fouth. 

3.  On  the  17th  of  March  1810,  at  50  m.  34  fee.  paft 
fix  o’clock  in  the  evening,  at  Greenwich,  there  will  be  an 
emerfion  of  the  fecond  fatellite  of  Jupiter  ; where  will 
the  eclipfe  be  vifible  ? .Tupiter’s  longitude  at  that  time  be- 
ingo  figns  27"  18'  ; and  his  declination  1°  1' fouth. 

4.  On  the  30th  of  Augiift  1810,  at  16  min.  42  fee. 
paft  one  o’clock  in  the  morning,  at  Greenwich,  there  will 
be  an  emerfion  of  the  firft  fatellite  of  Jupiter  ; where  will 
the  eclipfe  be  vifible  ? Jupiter’s  longitude  at  that  time  be- 
ing  2 figns  o”  17'  and  his  declination  1°  2'  fouth. 

5.  On  the  19th  ofAuguft  1810,  there  will  be  an  emerfion 
©f  the  third  fatellite  of  Jupiter  at  26  min.  53  fee.  paft  three 
o’clock  in  the  morning,  at  Greenwich  ; where  will  the 
eclipfe  be  vifible  ? Jupiter’s  longitude  at  that  time  being  i 
fign  29  deg.  44  min.  and  his  declination  i deg.  2 mm. 
fouth. 

6.  On  the  5th  of  November  1810  there  will  be  an  emer- 
fion of  the  third  fatellite  of  Jupiter  at  29  min.  24' fee.  paft 
eleven  o’clock  in  the  evening,  at  Greenwich  ; where  will  the 
eclipfe  be  vifible  ? the  longitude  of  Jupiter  being  i fign 
29  deg.  6 min.  and  his  declination  1 deg.  7 min.  fouth. 


* This  is  on  fuppoCtion  that  Jupiter  moves  on  the  ecliptic,  and,  as  he 
deviates  but  little  therefrom,  the  folution  by  this  method  will  be  lufficiently 
accurate.  T 0 know  if  an  eclipfe  of  any  oiie  of  the  fatellites  of  Jupiter  will 
be  vifible  at  any  place;  w«  are  direaed  by  the  Nautical  Almanac,  t© 
“ find  whether  Jupiter  be  8®  above  $he  horizon  of  Uie  place,  and  the  fun 
as  much  below  t,”  - * » 
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Problem  LVIII. 

To  place  the  terrrjlridl  globe  in  the  suN-sHiNE,  j/o  that  it  may 
rcprefait  the  tiXXMV.XL  position  of  the  earth. 

Rule.  If  you  have  a meridian  line  * drawn  upon  a 
horizontal  plane,  fet  the  north  and  fouth  points  of  tlie 
wooden  horizon  of  the  globe  diredlly  over  this  line  ; or, 
place  the  globe  directly  north  and  fouth  by  the  mariner’s 
coinpafs,  taking  care  to  allow  for  the  variation  ; bring  the 
j>lace  in  which  you  arc  fituated  to  the  brafs  meridian,  and 
elevate  the  pole  to  its  latitude  ; then  the  globe  will  corre- 
fpond  in  every  refpedt  with  the  fituation  of  the  earth  itfelf. 
The  poles,  meridians,  parallel  circles,  tropics,  and  all  the 
circles  on  the  globe,  will  correfpond  with  the  fame  imagi- 
nary circles  in  the  heavens  ; and  each  point,  kingdom,  and 
ftate,  will  be  turned  towards  the  real  one,  which  it  repre- 
fents. 

While  the  fun  fhines  on  the  globe,  one  hemifphere  will 
lie  enlightened,  and  the  other  will  be  in  the  (hade  ; thus,  at 
one  view,  m»y  be  feen  all  places  on  the  earth  which  have 
day,  and  thofe  which  have  night  f. 

if  a needle  be  placed  perpendicularly  in  the  middle  of 
the  enlightened  hemifphere  (which  mull  of  courfe  be  upon 
the  parallel  of  the  fun’s  declination  for  he  given  day),  it 
will  call  no  fhadow,  which  (hews  that  the  fun  is  vertical  at 
that  point  ; and  if  a line  be  drawn  through  this  point  from 
pole  to  pole,  it  will  be  the  meridian  of  the  place  where  the 
fun  is  vertical,  and  every  place  upon  this  line  will  have  noon 
at  that  time  ; all  places  to  the  well  of  this  line  will  have 
morning,  and  all  places  to  the  call  of  it  afternoon.  Thofe 
inhabitants  who  are  fituated  on  the  circle  which  is  theboun- 


* As  a meridian  Une  is  nfefiil  for  fixing  a horizontal  dial,  and  for 
placing  ft  globe  directly  north  and  fouth,  &c.  the  different  methods  of 
di  Hwing  a line  of  this  kind  will  pre(;ede  the  problems  on  dialling. 

f For  this  part  of  the  problem  it  would  be  more  couvcnieiit  if  the  globe 
could  be  properly  fupported  without  the  frame  of  it,  becaufe  the  fliadow  of 
its  itand,  and  that  of  its  horizon,  will  darken  feveral  parts  of  the  furface 
of  the  globe,  which  would  otherwife  be  enlightened,  ♦ 
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dary  between  Hjrbt  and  fliade,.  to  the  weft  ward  of  the  meri- 
dian where  the  iun  is  vertical,  will  fee  the  fun  riling  thofc 
in  the  fame  circle  to  the  eaftward  of  this  rncridun  will  fee 
the  fun  fetting.  Thofe  inhabitants  towards  the  north  of; 
tiie  circle  which  is  the  boundary  between  light  and  ftiade,-, 
will  perccive  the  fun  to  the  fouthward  of  them,  in  thv?  hori-. 
?on  ; and  thofe  who  are  in  the  fame  circle  towards  the  • 
fouth,  will  ice  the  fun  in  a ftimlar  mannec  to  the-  north  of: 
th.  m. 

If  the  fun  ftiine  beyond,  the  north-  pole  at  the  given  time,, 
his  declination  is  as  many  o'^grees  north  as  he  Ihines  over 
the  pole  ; and  alf  places  at  that  diftance  from  the  pole  willi 
have  conftant  day,  till  the  fun’s  declination  decreafes,  and 
thoi’e  at  tire  fame  diftance  from  the  fouth  pole  will  have 
conftant  night. 

If  the  fun'  do  not  ftiine  fo  far  as  the  north  pole  at  the 
given  time,  his  declination  is  as  many  degrees  fouth  as  the 
enlightened  part  is  diftant  from  the  pole  j and  all  places 
within  the  {hade,  near  the  pole  will  have  conftant  uighl,. 
till  the  fun’s  declination  increafes  northward.  Wliile  the 
globe  remains  fteady  in  the  pofition  it  was  lirft  placed,  wherr 
the  fun  i,^  weft  ward  of  the  meridian,  you  may  jwreeive  ou 
the  eaft  Tide  of  it,  in  w’hat  manner  the  fun  gradually  do- ■ 
parts  from  place  to  place  us  the  night  approaches  ; and, 
wlicn  the  fuR  is  eaftw'ard  of  the  meridian,  you  may  perceive 
on  the  weftern  fide  of  it,  in  what  manner  the  fun  advances, 
from  place  to  place  as  the  day^approaolies... 

pROKLtM  LIX. 

Tb:  Lititudf  of  o place  bchg  grven,  to  fn<f  the  hour  of  the  efay 
Ct  Cv.y  thne  ivhen  the  s u N s h i n t s . 

Rule  r.  Place  the  north  and  fouth  points  of  th?  hori- 
7on  of  the  globe  diredtly  north  and  loutli  upon  a liorizoutall 
plane,  by  a mciidian  line,  or  by  a mariner’s  compafs,  al-- 
lowing  for  the  variation,  and  elevate  the  pole  to  the  latitude 
of  the  place  ; then,  if  the  place  be  in  north  latitude,  andl 
the  fun’s  declination  be  north,  the  fun  will  fliine  over  the- 
aorth  polej  and'if  a long  pin  be  fixed  pcrpeudicularly  in- 

the. 
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tlie  di  rec\Ion  of  the  axis  of  the  earth,  and  in  the  centre  of 
the  hour  circle,  its  lhadow  will  fall  upon  the  hour  of  the 
day,  the  figure  XI I of  the  hour  circle  being  fu  ll  fet  to  the 
brals  meridian.  If  the  phtce  be  in  north  latitude,  and  the 
fun’s  declination  be  above  ten  degrees  fouth,  tlu.*  fun  will 
not  fiiine  upon  the  hour  circle  at  the  north  pole. 

Rule  2.  Place  the  globe  due  north  and  fouth  upon  a 
hori/ontal  plane,  as  before,  and  cle^■ate  the  pole  to  the  la- 
titude of  the  place;  find  the  fun’s  place  hi  the  ecliptic,  bring 
It  to  the  brafs  meridian,  and  fet  the  index  of  the  hour  circle 
to. XI I ; flick  a needle  perpendicularly  in  the  fun’s  place  in 
the  ecliptic,  and  turn  the  globe  on  its  axis  till  the  needle 
calls  no  ihadmv  ; fix  the  globe  in  this  pofition,  and  the  in- 
dex will  ihcw  the  hour  before  12  in  the  morning,  or  after 
J 2 in  the  afternoon. 

Rule  3.  Divide  the  equator  into  24  equal  parts  from 
the  point  Aries,  on  which  place  the  number  VI  ; and  pro- 
ceed weflward  Vil,  VIII,  IX,  X,  XI,  XII,  I,  II,  III, 
IV,  V,  V"J,  which  will  fall  upon  the  point  Libra,  VII, 
VIII,  IX,  X,  XT,  XII,  I,  II,  III,  IV,  V *;  elevate 
the  pole  to  the  latitude,  place  the  globe  due  litirtli  and 
foutli,  upon  a horizontal  plane,  by  a mendian  line,  or  a 
good  mariner’s  compafs,  allowing  for  tlie  variation,  and 
bring  the  point  Aries  to  the  brals  meridian  ; then  obferve 
the  circle  which  is  the  bour.dar)'  between  light  and  dark- 
nefs  wcllward  of  the  brafs  meridian,  and  it  will  interfeft  the 
equator  in  the  given  hour  in  the  morning  i but,  if  the  fame 
circle  be  es  ft  ward  of  the  brafs  meridian,  it  will  interfedl  the 
equator  in  the  given  hour  in  the  afternoon. 

Or,  Having  placed  th)  globe  upon  a true  horizontal 
plane,  fet  it  due  north  ai.d  louth  by  a meridian  line ; ele- 
vate the  pole  to  the  latitude,  and  biing  the  point  Aries  to 
the  brafs  meridian,  as  before  ; then  tie  a fmall  firing,  with 
a noofe,  round  the  elevated  pole,  ftretch  its  other  end  be-, 
yond  the  globe,  and  move  it  fo  that  the  fliadow  of  the  firing 


* On  Adams’ globes  tile  aiitinfUc  ciic’.e  is  thus  divld  ‘4,  liy  which  the 
grebifin.  he  Iblvcd. 
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may  fall  upon  the  deprciTcd  axis  ; at  that  inltant  its  fhadow  ( 
upon  the  equator  will  give  the  hour  *.  ( 

t 


Problf.m  lx. 

To  find  the  fuids  altltudcy  hy  placing  the  globe 

SHINE. 


in  the 


1 

( 


SUN-' 


Rule.  Place  the  globe  upon  a truly  horizontal  plane,  i 
ftick  a needle  perpendicularly  over  the  north  pole  f,  in  the  • ] 
direclion  of  the  axis  of  the  globe,  and  turn  the  pole  towards 
the  fun,  fo  that  the  fhadow  of  the  needle  may  fall  upon  the 
middle  of  the  brafs  meridian  ; then  elevate  or  deprefs  the  , 
pole  till  the  needlecafts.no  ftiadovv  ; for  then  it  wdll  point; 
direftly  to  the  fun  ; the  elevation  of  the  pole  above  the  ho--  1 
rizon  w'ill  be  tlic  fun’s  altitude.  ' 


Problem  LXI.  i 

Jo  find  the  fun’s  declination  his  place  in  the  ecliptic.,  and  \jil  ^ 
asi,imuth,  by  placing  the  globe  in  the  sUN-shine. 

Rule.  Place  the  globe  upon  a truly  horizontal  plane, , 
in  a Jiorth  and  fouth  diredlion  by  a meridian  line,  andelc-* 
vate  the  pole  to  the  latitude  of  the  place  ; then,  if  the  fun  i 
, fnine  beyond  the  north  pole,  his  declination  is  as  many  dc». 
•grees  north  as  he  ftiines  over  the  pole  ; if  the  fun  do  not: 
ftine  fo  far  as  the  north  pole,  his  declination  is  as  many  de-- 
grees  fouth  as  the  enlightened  part  is  diftant  from  the  pole. 
The  fun’s  declination  being  found,  his  place  may  be  deter- - 
mined  by  Prob.  XX. 


“ The  learner  muft  remember  ih.-it  .the  time  Ihewn  in  this  problem  is 
folar  tinie,  as  fliewn  by  a fun-dial  ; and,  therefore,  to  agree  with  a goodi 
clock  or  watch,  it  mull  be  ccrre£led  by  a table  of  ec^uation  of  time.  , See : 
a table  of  this  kind  among  the  fiicceeding  problems, 

•f  U-w«uy  bean  improvement  on  the  globes  were  oar  inflrument-ina- • 
kers  to  diili  a very  fmall  hole  in  the  brafs  meridian  over  the  north  > 
pole, 

Stick:' 


n 
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Stick  a needle  in  the  parallel  of  the  fun’s  declinatios  for 
the  given  day  *,  and  turn  the  globe  on  its  axis  till  the  needle 
calls  no  fhadow  ; fix  the  globe  in  this  pofition,  and  fcre\r 
the  quadrant  of  altitude  over  the  latitude  ; bring  the  gradu- 
ated edge  of  the  quadrant  to  coincide  with  the  fun’s  place, 
or  the  point  where  the  needle  is  fixed,  and  the  degree  on  the 
Ifcorizon  will  Ihew  the  azimuth. 

Problem  LXII. 

To  draw  a meridian  line  upon  a horizontal  plane  y and  to  de- 
termine the  four  cardinal  points  of  the  horizon. 

Rule  i.  Defcrlbe  fevcral  circles  from  the  centre  of  the 
horizontal  plane,  in  which  centre  fix  a ftraight  wire  per- 
pendicular to  the  plane  ; mark  in  the  morning  where  tlie 
end  of  the  fhadow  touches  one  of  the  circles  ; in  the  after- 
noon mark  where  the  end  of  the  fhadow  touches  the  fame 
circle  ; divide  the  arch  of  thejcircle  contained  between 
thefe  two  points  into  two  equal  parts  ; a line  drawn  from 
the  point  of  diviflon  to  the  centre  of  the  plane  will  be  a 
true  meridian,  or  north  and  fouth  line  ; and,  if  this  line  be 
bifedled  by  a perpendicular,  that  perpendicular  will  be  an 
eafl  and  weft  line  : thus  you  will  have  the  four  cardinal 
points  ; but,  to  be  very  exact,  the  plane  mull  be  truly  ho- 
rizontal, the  wire  mull  be  exaftly  perpendicular  to  the 
plane,  and  the  extremity  of  its  fhadow  muft  be  compared 
not  only  upon  one  of  the  cii'cles,  as  above  defcribed,  but 
upon  feveral  of  them. 

Rule  Fix  a ftrong  ftraight  wire  fharp  pointed  at  the 
top  in  the  centre  of  your  plane,  nearly  perpen^cular ; place 
one  end  of  a wooden  ruler  on  the  top  of  the  wire,  and  with 
a fharp  pointed  iron  pin,  or  wire,  in  the  other  end  of  the 
ruler,  deferibe  an  arch  of  a circle  ; tahe  hff  the  ruler  from 
the  top  of  the  wire,  and  obferve,  at  two  different  times  of 


* On  Adams’  globes  the  torrid  zone  Is  divided  into  degrees  by  dotted 
lines,  fo  that  the  parallel  the  fun’s  declination  is  inftantly  found  ! in 
•ding  other  globes,  obferve  the  declination  on  the  brafs  meridian,  and  ftick 
a needle  perpendicularly  in  the  globe  under  that  degree. 
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the  xliiy,  when  the  fhadow  of  the  top  of  the  wire  falls  upon 
the  arch  of  the  circle  defcribed  by  the  ruler  ; mark  the  two 
poiiits,  and  divide  tlie  arch  between  them  into  two  equal 
j)arts,  and  draw  a line  from  the  point  of  bife<Slion  to  the 
centre  of  your  plane  : this  will  be  a meridian  line. 

Rule  3.  Hang  up  a plumb-line  in  the  fun-lhine,  fo  that 
it  may  call  a lliadow,  of  a confiderable  length,  upon  the 
horizontal  pl?ne,  on  which  you  intend  to  draw  your  meri- 
dian line  ; draw  a line  along  this  fliadow  upon  the  plane, 
while  at  the  fame  time  a perfon  takes  the  altitude  of  the 
fun  corredlly  with  a quadrant,  or  fome  other  inllrument  an- 
fwering  the  fame  purpofe ; then,  by  knowing  the  latitude 
of  the  place,  the  day  of  the  month,  and  of  courfc  the  fun’s 
declination,  together  with  his  altitude  ; find  the  azimuth, 
from  the  north,  by  fpherical  trigonometry-,  and  fubtradt  it 
from  1 80^  ; make  an  angle,  at  any  point  of  the  line  which 
was  drawn,  upon  your  plane,  equal  to  the  number  of  de- 
grees in  the  remainder,  and  that  will  point  out  the  true 
meridian.  See  Keith’s  Spherical  Trigeuometry,  page  274. 

Problem  LXllI. 

To  male  a hori%otital  dial  for  any  laiUude. 

D EFiNiTioNs  AND  OBSERVATIONS.' — Dialling,  Orth? 
art  of  conftrucliiig  dials,  is  founded  entirely  on  allrouomy  ; 
and,  as  the  art  of  meafurmg  time  is  of  the  greateft  impor- 
tance, fo  the  art  of  dialling  was  formerly  held  in  the  highefi; 
efteem,  and  the  lludy  of  it  was  cultivated  by  all  perfons 
who  had  any  pretenfions  to  Icience.  Since  the  invention 
of  clocks  and  watches,  dialling  has  not  been  fo  much  at- 
tended to,  though  it  will  never  be  entirely  neglefted  ; for, 
as  clocks  and  watches  are  liable  to  flop  and  go  wrong,  tlpat 
unerring  inftrument,  a true  fun-dial,  is  ufed  to  correa  and 
to  regulate  them. 

Suppofe  the  globe  of  the  earth  to  be  tranfparent  (as  jre- 
prefented  by  Fig.  4 in  Plate  II),  with  the  hour  circles,  or 
meridians,  &c.  drawn  upon  it,  and  that  it  revolves  round  a 
real  axis  NS,  which  is  opaque  and  cafts  a lhadow  ; it  is- 
evident  that,  wheiRwex  tlie  edge  of  the  plane  of  any  hour 
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ciixTc  or  meridiia  points  exaftl)'  to  the  fun,  the  fiiadovv  of 
the  axis  will  fall  upon  the  oppollte  hour  circle  or  meridian. 
Now,  if  we  imagine  any  opaque  plane  to  pafs  ttrougli  the 
centre  of  this  traufparent  globe,  the  fhadow  of  half  the  axis 
NE  wHl  always  fall  upon  one  fide  or  other  of  this  inter- 
feeling'  plane. 

Let  BCD  reprefent  the  plane  of  the  horizon  of  Lon- 
■don,  BN  the  elevation  of  the  pole  or  latitude  of  the  place  ; 
fo  long  as  the  fun  is  above  the  horizon,  the  lhadow  of  the- 
upper  half  NE  of  the  axis  will  fall  fomewliere  upon  the  up- 
per fide  of  the  plane  BCD.  When  the  edge  of  the  plane 
of  any  hour  circle,  as  F,  G,  H,  I,  K,  L,  M,  O,  points 
■direftly  to  the  fun,  the  fhadow  of  the  axis,  which  axis  is  • 
coincident  with  this  plain,*,  marks  the  refpeclive  hour  line 
upon  the  plane  of  the  horizon  BCD  ; the  houf  liiu;  upon  • 
the  horizontal  plane  is,  therefore,  a line  drawn  from  the 
centre  of  It,  to  that  point  w'here  this  plane  iuterfefts  the 
meridian  oppofite  to  that  on  wliich  the  lun  fiiiues.  Tims, 
when  the  fun  is  upon  F,  the  meridian  of  London,  the  fha-  , 
dow  of  NE  the  axis  will  fall  upon  E,  XI 1.  By  the  fame 
method,  the  reft  of  the  hour  lines  ai'e  found,  by  drawing, 
for  every  hour  a line  from  the  centre  of  the  horizontal  plane 
to  that  meridian,  which  is  diametrically  oppofite  to  the  mcr 
ridian  pointing  exactly  to  the  fun  If,  when  the  hour  cir- 
cles are  thus  found,  all  the  Hues  Be  taken  away  except  the 
femi-axis  NE,  what  remains  will  be  a horizontal  dial  for 
the  given  place.  From  what  has  been  premifed,  the  fol- 
lowing oblervations  naturally  arife  ; 

1.  Tiie  gnomon  of  every  fnn-dial  muft  always  be  parallel 
to  the  axis  of  the  earth,  and  muft  point  directly  to  the  two 
poles  of  the  world. 

2.  As  the  whole  earth  is  but  a point  when  compared  with 
the  heavens,  therefore,  if  a fmall  fphere  of  glafs  be  placed 
on  any  part  of  the  earth’s  furface,  fo  that  its  axis  be  pai-al- 
lel  to  the  axis  of  the  earth,  and  the  fphere  .have  fuch  hues 
upon  it,  and  fuch  a plane  within  it  as  above  deferibed  } it 
will  ftiew  the  hour  of  the  day  as  truly  as  if  it  were  placed 
at  the  centre  of  the  earth,  and  the  body  of  the  eartu  were 
as  tran^areut  as  glafs* 


3.  in 
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3.  In  every  horizontal  dial  the  angle  which  the  ftyle,  or 
gnomon,  makes  with  the  horizontal  plane,  mull  always  be 
equal  to  the  latitude  of  the  place  for  which  the  dial  is 
made. 

Rulr  for  performing  the  Problbm.-— Elevate 
the  pole  fo  many  degrees  above  the  horizon  as  are  equal  to 
the  latitude  of  the  place  ; bring  the  point  Aries  to  the  brafs 
meridian  ; then,  as  globes  in  general*  have  meridians  drawn 
through  every  15  degrees  of  longitude,  eaftward  and  weft- 
ward  from  the  point  Aries,  obferve  where  thefe  meridians 
interfeft  the  horizon,  and  note  the  number  of  degrees  be- 
tween each  of  them  ; the  arches  between  the  refpeftive 
hours  will  be  equal  to  thefe  degrees.  The  dial  mull  be 
numbered  XII  at  the  biufs  meridian,  thence  XI,  X,  IX, 
VIII,  VII,  VI,  V,  IV,  &c.  towards  the  w'eft,  for  morn- 
ing hours  ; and  I,  II,  III,  IV,  V,  VI,  VII,  VIII,  &c. 
for  evening  hours.  No  more  hour-lines  need  be  drawn 
than  what  will  anfwer  to  the  fun’s  continuance  above  the 
horizon  on  the  longeft  day  at  the  given  place.  The  ftyle 
or  gnomon  of  the  dial  mull  be  fixed  in  the  centre  of  the 
dial-plate,  and  make  an  angle  therewith  equal  to  the  lati- 
tude of  the  place.  The  face  of  the  dial  may  be  of  any 
(hape,  as  round,  elliptical,  fquare,  oblong.  See.  See. 

Example.  To  make  a horizontal  dial  for  the  latitude 
of  London. 

Having  elevated  the  pole  5i|  deg.  above  the  horizon,  and  brought  the 
point  Aries  to  the  bral's  meridian,  you  will  find  the  meridians  on  the  eaft- 
ern  part  of  the  horizon,  reckoning  from  12,  to  he  11°  _i;o',  24°  20',  38®  3', 
53°  3J'j7i°6',  and  90“,  for  the  hours  1,  II,  III,  IV,  V,  and  VI ; or, 
if  you  count  from  the  call  towards  the  fouth,  they  will  he  o®,  i8°54', 
36°  25',  51°  57',  65®  40',  and  78°  10',  for  the  hours  VI,  V,  IV,  Hi, 
II,  1,  reckoning  from  VI  o’clock  backward  to  XII.  There  is  no  occa- 
fioh  to  give  the  diftances  farther  than  VI,  becaufe  the  diftanccs  from  XII 
to  VI  in  the  forenoon  are  exatfly  die  fame  as  from  XII  to  VI  in  the  af- 
ternoon ; and  hour-lines  continued  ilirough  the  centre  of  the  dial  are  the 
hours  on  the  oppofite  parts  thereof. 

The  following  I able,  calculated  by  fpherical  trigonometry,  contains 
not  only  the  hour  arches,  but  the  halves  and  quarters  from  XII  to  Vl. 


* On  Cary’s  globes,  the  meridians  are  drawn  through  every  tm  decrees, 
an  alteration  which  anfwers  no  uleful  purpofe  whatever,  and  is  in  many 
cafes  very  inconvenient.  To  folve  this  problem,  by  his  glebes,  Meridians 
Buift  be  drawn  through  every  f/teen  degrees  w ith  a peiicfl. 
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Hours. 

Hour  Angles. 

Hour  Arches. 

Hours. 

Hour  Angles. 

Hour  Arches. 

XII 

0® 

0' 

0°  0' 

3i 

48^ 

45' 

41°  45' 

12-1 

3 

45 

2 56  ^ 

3i 

sa 

30 

45  34 

laj’ 

7 

30 

5 5a 

3| 

56 

15 

49  30 

11 

15 

8 5X 

IV 

60 

0 

53  35 

1 

15 

0 

II  50 

<53 

45 

57  47 

'li 

18 

45 

14  5» 

67 

30 

62  6 

22 

30 

17  57 

. 

71 

15  , 

66  ,33 

26 

15 

21  6 

V 

75 

0 

71  6 

II 

30 

0 

24  29 

5* 

78 

45 

75  45 

. 33 

45 

27  36 

- 5i 

82 

30 

80  25 

37 

30 

31  0 

5i 

86 

15 

85  13 

41 

15 

34  28 

VI 

90 

e 

90  0 

111 

45 

0 

-38  3 

Tho  calculation  of  the  hour  arches,  by  fpherical  trigonometry  is  ex- 
tremelyeafy;  for  while  the  globe  remains  in  the  pofition  above  defcribed, 
ir  will  be  feen  that  a right  angled  fpherical  triangle  is  formed,  the  perpen- 
dicular of  which  is  the  latitude,  its  bate  the  hour  arch,  and  its  venical 
angle  the  hour  angle.  Hence, 

As,  radius,  fine  of  90“ 

Is  to  fine  of  the  latitude ; 

So  is  the  tangent  of  the  hour  angle. 

To  the  tangent  of  the  hour  arch  on  the  horizon.  , ■ 

It  may  be  obferved  here,  that  if  a horizontal  dial,  which  fliews  the  hour 
by  tire  top  of  the  perpendicular  gnomon,  be  made  for  a place  in  the  torrid 
zone,  whenever  the  fun’s  declination  exceeds  the  latitude  of  the  place, 
the  (hadow  of  the  gnomon  will  go  buck  twice  in  the  day,  once  in  the  foie- 
noon  and  once  in  the  afternoon  ; and  the  greater  the  difference  between 
the  latitude  and  the  fun’s  declination  is,  the  farther  the  lliadcw.  will  go 
back.  In  the  58th  chapter  of  [faiah,  HezekUt'o  is  promifed  that  his  life 
(hall  be  prolonged  15  years,  and,  as  a lign  of  this,  he  is  alfo  promiled 
that  the  lhadow  of  the  fun-dial  of  Aha-o  lhall  go  back  ten  degrees,  'This 
was  truly,  as  it  was  then  cocifidAcd,  a ?niraclc ; for  as  yirufaUm,  the 
place  where  the  dial  of  Abjz  was  erciled,  was  out  of  the  torrid  zone, 
the  Ih.idow  could  not  poffibly  go  back  from  any  natural  caufe. 
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Problem  LXIV. 

“70  make  a vertical  dialy  facing  thefouthy  in  north  latitvde. 

Definitions  and  Observations. — The  horizontal 
-dial,  as  defcribed  in  the  preceding  problem,  was  fuppofed 
to  be  placed  upon  a pedeftal,  and  as  the  fun  always  fliines 
upon  fuch  a dial  when  lie  is  above  the  horizon,  provided  no 
ob'edts  intervene,  it  is  the  moft  complete  of  all  kinds  of 
' dials.  The  next  in  utility  is  the  vertical  dial  facing  the 
fouth  in  north  latitudes  ; that  is,  a dial  Handing  againft  the 
wall  of  a building  which  exadlly  faces  the  fouth. 

Suppofe  the  globe  to  be  tranfparent,  as  in  the  foregoing 
problem  (fee  Figure  5,  Plate  II),  with  the  hour  circles  or 
meridians  F,  G,  H,  I,  K,  L,  M,  O,  &c.  drawn  upon 
it ; ADCB  an  opaque  vertical  plane  perpendicular  to  the 
horizon,  and  palling  through  the  centre  of  the  globe.  While 
the  globe  revolves  round  its  axis  NS,  it  is  evident  that,  if 
the  mmi-axis  ES  be  opaque  and  call  a lhadow,  this  lhadow 
will  always  fall  upon  the  plane  ABC,  and  m.ark  out  the 
hours  as  in  the  preceding  problem.  By  comparing  Fig.  5. 
■wit*h  Fig.  4,  in  Plate  II,  it  will  appear  that  the  plane  fur- 
face  of  every  dial  whatever,  is  parallel  to  the  horizon  of 
fome  place  or  other  upon  the  earth,  and  that  the  elevation 
of  the  ftyle  or  gnomon  above  the  dial's  furface,  when  it 
faces  the  fouth,  is  always  equal  to  the  latitude  of  the  place 
whofe  horizon  is  parallel  to  that  furface.  Thus  it  appears 
that  SP,  which  is  the  co-latitude  of  London,  is  the  latitude 
of  the  place  whofe  horizon  is  reprefented  by  the  plane 
ADCB  : for,  let  the  fouth  pole  of  the  globe  be  elevated 
38^  degrees  above  the  fouthern  point  of  the  horizon,  and 
the  point  Anes  be  brought  to  the  brafs  meridian  ; then,  if 
the  glebe  be  placed  upon  a table,  fo  as  to  on  the  fouth 
point  of  the  wooden  horizon,  it  will  have  exa£lly  the  ap- 
pearance of  Fig.  5.  Plate  II.  ; the  wooden  horizon  will  re- 
prefent  the  opaque  plane  ADCB,  the  fouth  point  will  be  at 
B,  and  the  north  point  at  D under  London,  the  eaft  point 
at  C,  and  the  weft  point  at  A-  Hence  we  have  the  fol- 
lowing 

Rule 


Chap.  I.  THE  TERRESTRIAL  GLOBE.  2$^ 

Rule  FOR  performing  the  problem. — If  the 
place  be  in  north  latitude,  elevate  the  fouth  pole  to  the 
complement  of  that  latitude  ; bring  the  point  Aries  to  the 
brafs  meridian  ; then,  fuppofing  meridians  to  be  drawn 
through  every  15®  of  longitude,  eaftward  and  weftward  from ' 
the  point  Aries  (as  is  generally  the  cafe)  ; obferve  where 
thefe  meridians  interfeft  the  horizon,  and  note  the  number 
of  degrees  between  each  of  them  ; the  arches  between  the 
refpeftive  hours  will  be  equal  to  thefe  degrees.  The  dial 
mull  be  numbered  XII  at  the  brafs  meridian,  thence  XI, 
X,  IX,  yill,  VII,  VI,  towards  the  weft,  for  morning 
hours;  and  I,  II,  III,  IV,  V,  VI,  towards  the  eaft,  for 
evening  hours.  As  the  fun  cannot  fhine  longer  upon  fuch  a 
dial  as  this  than  from  VI  in  the  morning  to  VI  in  the  even- 
ing, the  hour-lines  need  not  be  extended  any  farther. 

Example.  To  make  a vertical  dial  for  the  latitude  qf 
London. 

Elevare  the  fouth  pale  38^  degrees  above  the  horizon,  and  bring  the 
point  Aries  to  the  brafs  meridian  ; then  the  meridians  will  imerfedl  the 
horizon , reckoning  from  the  fouth  towards  the  raft,  in  the  following  de- 
grees ; 9“  a8',  19“  45'.  31"  54'.  47”  9'j  66“  42',  and  90%  for  the 
hours  I,  II,  III,  IV,  VI;  or,  if  you  count  from  the  call  towards  the 
fouth,  they  will  be  o“,  23“  18',  42“  51'  58“  6',  70“  15',  80“  32',  for  the 
hours  VI,  V,  IV,  III,  II,  I.  The  diilance*  from  XII  to  VI  ii>  the 
forenoon  are  exaftly  the  fame  as  the  dillances  from  XII  to  VI  in  the 
afternoon.  The  following  table,  calculated  by  fpherical  trigonometry, 
contains  not  only  the  hour  arches,  but  the  halves  and  qtiarters  from  Xll 
*JB  VI. 
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Hours. 

Hour  Angles. 

Hour  Arches 

I 

Hours. 

- - - 

Hour  Angles. 

Hour  Arches. 

XII 

0“ 

0' 

0° 

0' 

3i 

48*  45 

35°  2a 

12I 

3 

45 

2 

20 

3i 

52  30 

39  3 

7 

30 

4 

41 

3l 

56  15 

42  j8 

I2| 

II 

15 

7 

3 

IV 

60  0 

47  9 

I 

15 

0 

9 

28 

4^ 

^>3  45 

51  36 

18 

45 

II 

56 

4i 

67  30 

56  20 

22 

30 

14 

27 

Ai 

71'  15 

' 61  23 

26 

15 

17 

4 

V 

75  0 

66  43 

II 

30 

0 

19 

45 

5i 

78  45 

72  17 

33 

45 

22 

35 

si 

82  30 

78  3 

37 

30 

3^1 

si 

86  15 

84  0 

41 

15 

28 

3» 

VI 

90  0 

90  0 

III 

45 

0 

31 

54 

The  above  table  is  calculated  exaftly  in  the  fame  manner  as  that  in  the 
preceding  problem,  ufing  the  complement  of  the  latitude  inftead  of  the  ' 
latitude. 

1 he  ftudent  will  recolleft  that  the  time  Ihewn  ty  a fun-dial  is  not  the 
exadi  time  of  the  day,  as  (hewn  by  a watch  or  clock  (fee  Definitions  55, 
56.  s nd57,  page  13).  A good  dock  mealures  time  equally,  bnt  a fun- 
dial  (though  tiled  for  .regulating  clocks  and  watches)  meafures  time  une- 
qually. The  following  table  will  fliew  to  the  nearcft  minute  how  much 
a clock  fhould  be  faftcr  or  flower  than  a fun-dial;  fuch  a table  lliould  be 
put  upon  every  horizontal  fun-dial. 
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2G<) 


'O  . 

c Vi 

oi  ^ 

iA 

0> 

c 2 

(O  1 

"3  . 

V) 

V 

and 

hs. 

<0 

w c 

ST'  o 

3 

C 

3 1 
C 

i/)  ^ 

3 

G 

i/i  23 
® 

3 

C 

q2. 

% 

pS 

S 

p2 

% 

Ian.  I 

4 

April  1 

4Q 

Aug.  9 

■J  n 

27 

16 

3 

5 

4 

3s- 

15 

4 ^ 

Nov.  15 

15 

5 

6 

7 

20 

3?^ 

20 

14 

7 

7 

II 

I » 

24 

24 

13  Q 

9 

IZ 

8 

9? 

. 15 

« 

0 ” ! 

28 

31 

I 

►1 

Q* 

27 

30 

12  0 
ii£ 

15 

i8 

to  ° 

II  n: 

19 

24 

1 

* 

Sept.  3 

I 

Dec.  2 
5 

10 1 
0 2 

21 

12  ^ 

30 

6 

2 

7 

«3- 

25 

13 

May  13 

4^ 

9 

3r' 

9 

7^ 

31 

14S- 

29 

^ S 1 
0 ^ * 

IZ 

4g 

11 

63- 

Feb.  lo 

15  = 

J line  3 

2 

15 

5^^ 

13 

5 JL, 

21 

27 

Mg' 
13  c- 

10 

15 

1 i 

0 

Cl 

6? 

7^- 

16 

i8 

4^- 
3 " 

Mar.  4 

12  S' 

* 

24 

sn 

20 

2 

8 

11  ■“ 

20 

27 

Q ^ 

y s 

22 

I 

12 

10 

25 

1— • 

£ 

30 

lO  r. 

24 

0 

15 

9 

29 

3 

oa.  3 

II  0 

« 



19 

8 

July  s 

4S> 

6 

I2O 

26 

I Q 

22 

7 

II 

r ^ 
s 0 

10 

13?^ 

28 

2 

25 

6 

28 

14 

14 

30 

'J  f 

28 

5 

» 

1 

19 

15 

Dials  may  be  couftrufled  cn  all  kinds  of  planes,  whether  horizontal  or 
inclined  : a vertical  dial  may  be  made  to  face  the  fouth,  or  any  point  of 
the  compal's ; but  the  two  dials  already  defcribed  are  the  mod  uleful.  To 
acquire  a complete  knowledge  of  dialling,  the  gnomonical  projeftion  of 
the  fphere,  and  the  principles  of  fphe»;ical  trigonometry,  muft  be  thoroughly 
underftood  ; thefe  preliminary  branches  mdy  be  learned  from  Emerfon’s 
Gnomonical  Projeilion,  and  Keith’s  Trigonometry.  The  writers  oti. 
dialling  are  very  numerous ; the  laft  and  bell  treatife  on  'the  I'ubjeft  i9 
imerl'on’s.  ^ 

* . * 
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Chapter  II. 

Problems  performed  by  the  CeleJHal  Globe, 


Problem  LXV. 


To  find  the  right  afeetfion  and  declination  oj  the  fun  *,  or  a Jlar. 


Rule.  Bring  the  fun  or  ftar  to  that  part  of  the  brafs 
meridian  which  is  numbered  from  the  equator  towards  the 
poles  ; the  degree  on  the  brafs  meridian  is  the  declination, 
and  the  number  of  degrees  on  the  equinodlial,  between  the 
brafs  meridian  and  the  point  Aries,  is  the  right  afeenfion. 

Or,  Place  both  the  poles  of  the  globe  in  the  horizon, 
bring  the  fun  or  ftar  to  the  eaftem  part  of  the  horizon  ; 
then  the  number  of  degrees  which  the  fun  or  ftar  is  north- 
ward or  fouthward  of  the  eaft,  will  be  the  declination  north 
or  fouth  ; and  the  degrees  on  the  equinoftial,  from  Aries 
to  the  horizon,  will  be  the  right  afeenfton. 

Examples,  i.  Required  the  right  afeenfion  and  de- 
clination of  a Duhhcy  in  the  back  of  the  Great  Bear  ? 


A’lftuer.  Right  Afcenfion  16a®  49',  declination  6a®  48'  N. 

2.  Required  the  right  afeenfions  and  declinations  of  the 
following  ftars  ? 


y,  Algeniby  in  Pegafus. 

«,  Schedery  in  Caffiopeia. 

/?,  Mir  achy  in  Andromeda. 
«,  Achernery  in  Eridanus. 
m,  Menhar,  in  Cetus. 

/9,  Algol,  in  Perfeus. 

«,  Aldcbaran,  in  Taurus. 
uy  Capella,  in  Auriga. 


By  Rigely  in  Orion. 
y,  Bellatrixy  in  Orion. 

*,  Betelguefe,  in  Orion, 
a,  Canopus,  in  Argo  Navis, 
a,  Procyon,'\n  theLittleDog. 
7,  Algoraby  in  the  Crow. 

«,  ArPurusy  in  Bootes, 
t,  Vendemiatrixy  in  Virgo. 


* The  right  afeenfions  and  declinations  of  the  moon  and  the  planets, 
mull  be  fonnd  from  an  epheineiis ; becaufe,  by  their  continual  change  of 
fttuation,  they  cannot  be  placed  on  ihe  cclellial  globe,  as  the  liars  are 
placed. 
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Problem  LXVI. 


To  Jind  the  latitude  and  longitude  of  a Jlar  *. 

Rule.  Place  the  upper  end  of  the  quadrant  of  altitude 
on  the  north  or  louth  pole  of  the  ecliptic,  according  as  tlw 
ilar  is  on  the  north  or  fouth  fide  of  the  ecliptic,  and  move 
the  other  end  till  the  ftar  comes  to  the  graduated  edge  of 
the  quadrant  ; the  number  of  degrees  between  the  ecliptic 
and  the  fiar  is  the  latitude  ; and  the  number  of  degrees  on 
the  ecliptic,  reckoned  call^nird  from  the  point  Aries  to  the 
quadrant,  is  the  longitude. 

Or,  Klcvate  the  north  or  fouth  pole  66|®  above  the  ho- 
rizon, according  as  the  given  Itar  is  on  the  north  or  fouth 
fide  of  the  ecliptic  ; bring  the  pole  of  the  ecliptic  to  that 
par  t of  the  brafs  meridian  which  is  numbered  from  the  equi- 
Eodflal  towards  the  pole  ; then  the  equinoiflial  will  coincide 
with  the  horizon  ; ferew  the  quadrant  of  altitude  upon  the 
brafs  meridian  over  the  pole  of  the  ecliptic  ; keep  the  globe 
from  revolving  on  its  axis,  and  move  the  quadrant  till  its 
graduated  edge  comes  over  the  given  ftar  : the  degree  on 
the  quadrant  cut  by  the  ftar  is  its  latitude ; and  the  fign. 
and  degree  on  the  ecliptic  cut  by  the  quadrant  fhew  its 
longitude. 

Examples,  i.  Required  the  latitude  and  longitude  of 
« Aldebaran  in  Taurus  ? 

Arfiver.  Latitude  5®  S.  longitude  % figns  6®  > o*’  6*  SZ' 

Gemini. 


2.  Required  the  latitudes  and  longitudes  of  the  following 
ftars  ? 

a,  Mariah,  in  Pegafus.  a,  Vega,  in  Libra. 

0,  Scheat,  in  Pegafus.  ' y,  Re^a^en,  in  Draco. 


Fomalbaut,  in  the  S.  Fifti. 
«,  Deneb,  in  Cygnus, 

«,  Ahair,  in  the  Eagle. 

0,  Albireo,  in  Cygnus. 


>x.t^Antares,  in  the  Scorpion, 
a,  ArSurus,  in  Bootes. 

B,  Pollux,  in  Gemini. 

B,  Rigel,  in  Orion. 


* The  Ltitudes  and  longitudes  of  the  planets  mu.^t  be  found  from  an 
ephemeiis. 
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A TAlif.ih,  of  the  right  Afcenfions,  Decl  nations,  Latitudes,  and  L(jiigi- 
tudesoffome  of  the  principal  Fixed-Stars,  for  the  year  i8co  *. 


Names  of  the  Stars. 

Rt.Afcen. 

Declinat. 

Latitude. 

Longitude. 

Regulus,  I.ion’s  Heart. 

149° 

25 

I2®56'  N. 

0® 

00 

N. 

4^ 

26°57' 

/J  Lion’s  Tail, 

174 

42 

15  44 

N. 

X2 

17 

N. 

5 

18  4d 

AlHebaran  in  Taurus, 

66 

6 

16  5 

N. 

5 

29 

S. 

2 

6>  53 

Rigel,  Orion’s  Fof't, 

76 

9 

8 27 

S. 

31 

8 

S. 

2 

13  56 

Capella,  Auriga’s  Shoulder, 

15 

29 

45  47 

N. 

22 

52 

N 

2 

1858 

Berelgue!e,Oritn’sShoulder, 

86 

5 

7 21 

N. 

16 

3 

S. 

2 

25  52 

Sirius,  Canis  Major. 

99 

5 

t6  26 

S. 

39 

33 

s. 

3 

II  14 

Caflor,  ... 

no 

27 

32  19 

N. 

10 

4 

N. 

3 

17  22 

Piocy on,  Canis  Miner,  - 

tia 

12 

5 44 

N.| 

15 

58 

S. 

3 

22  50 

■Spiel  Virginia, 

198 

40 

10  7 

s.l 

2 

3 

S. 

<6 

2057 

,S  Virginis,  - , - 

17.? 

4 

2 54 

N. 

0 

42 

N. 

5 

24  14 

Artturus,  Bootes,  - 

Ill 

38 

20  15 

N. 

30  52 

N. 

6 

21  21 

a,  Alj'hacca,  N.  Crown,  - 

231 

31 

27  25 

N. 

44 

21 

N. 

7 

9 22 

Ajt;tare',  Scorpion’s  Heart, 

244 

17 

25  58 

S. 

4 33 

S. 

8 

6 52 

Vega,  in  the  Harp, 
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32 

38  36  N. 

61 

44 

N. 

9 

12  24 

A hair,  in  the  Eagle, 

295 

15 

8 21 

N. 

29 

18 

N. 

9 

28  51 

p Aquila, 

296 

22 

5 55 

N. 

43 

N. 

9 

29  33 

i'CtnaUiaut,  S.  I'ilh,  - 

38 

30  41 

S. 

21 

6 

S. 

II 

057 

Dc  neb,  the  Swan, 

30S 

59 

44  34 

N. 

59  55 

N. 

II 

2 29 

y I’egaios,  - - - 

0 

39 

14  4 

N. 

12 

35 

N. 

0 

6 16 

« Head  of  Andromeda, 

.359 

32 

27  59 

N. 

25 

41 

N. 

0 

II  25 

Problem  LXVII. 

% 

The  right  ^fcenjicn  and  declination  of  a Jlar,  the  moon,  a planet, 
or  of  a comet,  being  given,  to  fnd  its  place  on  the  globe. 

Rule.  Brin?  the  given  degrees  of  right  afcenfion  to  thit 
part  of  the  brals  meridian  which  is  numbered  from  the  equi- 
noftial  towards  the  poles  ; then,  under  the  given  declina- 
tion on  the  brafs  meridian,  you  will  find  the  liar,  or  place  of 
the  planet. 

Examples,  i.  What  liar  has  261°  29'  of  right  afcen- 
fion, and  52“  27'  north  declination  ? 

Anftver.  ^ in  Draco. 


* The  places  of  the  flats  on  our  neweft  globes  are  calculated  for  the 
year  1800. 
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2.  On  the  20th  of  Augufl  iSo^,  the  moon^s  right  afcen- 
fion  was  91"  3',  and  her  declination  24°  48'  ; find  her  place 
on  the  globe  at  that  time  ? 

Anfiier.  In  the  milky  wny,  a little  above  the  left  foot  of  Caftor; 

3.  Wltat  ftars  have  the  following,  right  afcenfions  and 
declinations  ? 

Right  Alcenhons. 


Right  Afcenfions, 
70  19' 

II  II 

54 


Declinations. 

55’  26'  N. 

59  38  N. 

25  54  19  50  N.  99 

46  3-2  9 34  S.  no 

53  54  23  29  N.  1 13  16  , 28  30  N. 

76  14  8 27  S.  129  2.  7 8 N. 

4.  On  the  firft  of  December  1810,.  the  moon’s  right  af- 
cenfion  will  be  320®  28',  and  her  declination  1 1»  45'  S.;  find 
her  place  on  the  globe  ? 

5.  On  the  firll  of  May  1S05,  the  declination  of  Venus 
was  ii°4i'N.,  and  her  right  afeenfion  31“  30' j find,  her 
place  on  the  globe  ? 

6.  On  the  19th  of  January  1805  the  declination  of  Ju-- 

piter  was  19  29'  fouth,  and  his  right  afeenfion  238®  j find- 
his  place  on  the  globe  ? ’ 

Problem  LXVIII. 


83' 

86 


6' 

n 

5 

27. 

16 

z 


Declimtions. 

34°  1 1'  si. 

44  55  N. 
16  26  S. 
^2  19  NT. 


T/je  latitude  and  longitude  of  the  moon.,  a Jlar,  or  a planet  gi‘ 
ven,  to  find  it  place  en  the  globe. 

Rule.  Place  the  divifion  of  the  quadrant  of  altitude 
marked  o,  on  the  given  longitude  in  the  ^liptic,  and  t^ 
upper  end  on  the  pole  of  the  ecliptic  ; then  under  the  given 
latitude,  on  the  graduated  edge  of  the  quadrant,  you  will 
find  the  ftar,  or  place  of  the  moon,  or  planet. - 

Examples,  i-  Wliat  itar  has  o figns  6'  16'  of  longi- 
tude, and  12®  36' N.  latitude  i 

Anfiuer.  y in  Fegafiis.  j . . 

2.  On  the  5th  of  June  1810  at  midnight,  the  moom’s. 
longitude  will  be  3s.  26 ' 32',  and  her  latitude  4® 55’  S.  j fiqd' 
her  place  on  the  globe  ? 

N 5 Whati 


» 
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3.  What  flars  have  the  following  latitudes  and  longi- 
tudes ? 

Latitudes.  Longitudes.  Latitudes.  Longitudes. 

i 39\^3'S*  3*11013' 

10  4 N.  3 17  21 

j o 27  N.  4 26  57 

I 44  20  N.  7 9 22 

^ ^ i 21  6 S.  II  o 56 

4.  On  the  firft  of  June  1810,  the  longitudes  and  latitudes 
of  the  planets  will  be  as  follow  ; required  their  places  on 
the  globe  ? 


12'= 

5 

31 

22 

16 


35'^ 

29  N. 
8 S. 
52  N. 
3 S., 


IS 

2 

2 

2 

2 


11“ 

6 

18 

25 


2j 

53 

57 

51 


$ 


Longitudes. 


1“ 

O 

14 


55' 

27 

7 


Latitudes. 

0“  58' N. 
1 5 N 

o 32  N. 


Longitudes. 
I’  15'  47' 
8 12  20 
7 u 6 


I.atitudes: 
o”  56'  S. 
X 47  N. 
o 24  N. 


Problem  LXIX. 


The  day  and  houry  and  the  latitude  of  a place  being  giveny  to 
find  •whatjlars  are  rijtngy  fettingy  culminatingy  £5’r. 

Rule.  Elevate  the  pole  to  the  latitude  of  the  place 
find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the  brafs  me- 
ridian, and  fet  the  index  of  the  hour  circle  to  1 2 ; then,  if 
the  time  be  before  noon,  turn  the  globe  eaftward  on  its 
axis  till  the  index  has  pafled  over  as  many  hours  as  the 
time  wants  of  noon  ; but,  if  the  time  be  pail  noon,  turn  the 
globe  weftward  till  the  index  has  paffed  over  as  many  hours 
as  the  time  is  paft  noon  ; then  all  the  ftars  on  the  eaftern 
Temi-ciicle  of  the  horizon  will  be  riling,  thofe  on  the  weft- 
ern  femi-circle  will  be  fetting,  thofe  under  the  brafs^ meri- 
dian above  the  horizon  will  be  culminating,  thofe  above  the 
Tiorizon  will  be  villble  at  the  given  time  and  place,  thofe 
below  will  be  invifible.  If  the  globe  be  turned  on  its  axis 
4rom  eaft  to  weft,  thofe  ftars  which  do  not  go  below  the  ho- 
rizon never  fet  at  the  given  place  ; and  thofe  which  do  not 
come  above  the  horizon  never  rife  ; or,  if  the  given  lati- 
tude 
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tilde  be  fubtra^Ied  from  90  degrees,  and  circles  be  deferibed 
on  the  globe,  parallel  to  the  equinodfial,  at  a diftance  from 
it  equal  to  the  degrees  in  the  remainder,  they  will  be  the  cir- 
cles of  perpetual  apparition  and  occultation. 

Examples.  1.  On  the  9th  of  February,  when  it  is  nine 
o’clock  in  the  evening  at  London,  what  liars  are  riling, 
what  liars  are  fetting,  and  what  liars  are  on  the  meridian  ? 

Anf-wer.  Alphacca  in  the  northern  Crown  is  riling  ; Arihirus  and  Mi-  ^ 
rach  in  Bootes  juft  above  the  horizon ; Sirius  on  the  meridian  ; Proctyon 
and  Caftor  and  Pollux  a little  eaft  of  the  meridian.  The  conftella  ions 
Orion,  Taurus,  and  Auriga,  a little  welt  of  the  meridian ; M.urkab ; in 
Pegafus,  juft  below  the  weltern  edge  of  the  horizon,  &c. 

2.  On  the  20th  of  January,  at  two  o’clock  in  the  morn-, 
ing  at  London,  what  liars  are  riling,  what  liars  are  fetting, 
and  what  ilais  are  on  the  meridian  ^ 

Anf-wer.  Vega  in  Lyra,  the  head  of  the  Serpent,  Spica  Virginia,  &c. 
are  riling  ; the  head  of  tlie  great  hear,  the  claws  of  Cancer,  &c.  on  the 
meridian  ; the  head  of  Andromeda,  the  neck  of  Cetus,  and  the  body  of 
Columba  Noachi,  &c.  arc  fetting. 

3.  At  ten  o’clock  in  the  evening  at  Edinburgh,  on  the 
15th  of  November,  what  liars  are  riling,  what  liars  are  fet- 
ting, and  what  liars  are  on  the  meridian  ? 

4.  What  liars  do  not  fet  in  the  latitude  of  London,  and 
at  what  dillance  from  the  equinoctial  is  the  circle  of  perpe- 
tual apparition  ? 

5.  What  liars  do  not  rife  to  the  inhabitants  of  Edinburgh, 
and  at  what  dillance  from  the  equinodlial  is  the  circle  of  per- 
petual occultation  ? 

6.  What  liars  never  rife  at  Otaheite,  and  what  liars  never 
fet  at  Jamaica  ? 

7.  How  far  mull  a perfon  travel  fouthward  from 
London  to  lofe  fight  of  the  Great  Bear  ? 

8.  What  liars  are  continually  above  the  horizon  at  the 
north  pole,  and  what  liars  are  conftantly  below  the  horizon 
tliereof 
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Problem  LXX. 

The  latitude  of  a place^  day  of  the  month,  and  hour  being  given, 
to  place  the  globe  in  fuch  a manner  as  to  reprefent  the  heavens 
at  that  time  ; in  order  to  find  out  the  relative fituations  and 
names  of  the  confiellations  and  remariablc fiars . 

Rule.  Take  the  globe  out  into  the  open  air,  on  a clear 
ftar-light  night,  where  the  furrounding  horizon  is  uninter- 
rupted by  different  objedf  s ; elevate  the  pole  to  the  latitude 
of  the  place,  and  fet  the  globe  due  north  and  fouth  by  a 
meridian  line,  or  by  a mariner’s  compafs,  taking  care  to 
make  a proper  allowance  for  the  variation  ; find  the  fun’s 
place  in  the  ecliptic,  bring  it  to  the  brafs  meridian,  and  fet 
the  index  of  the  hour  circle  to  12  ; then,  if  the  time  be 
after  noon,  turn  the  globe  weftward  on  its  axis  till  the  index 
has  paffed  over  as  many  hours  as  the  time  is  paft  noon  ; but, 
if  the  time  be  before  noon,  turn  the  globe  eallward  till  the 
index  has  paffed  over  as  many  hours  as  the  time  wants  of 
noon  : fix  the  globe  in  this  pofition,  then  the  flat  end  of  a 
pencil  being  placed  on  any  liar  on  the  globe,  fo  as  to  point 
towards  the  centre,  the  other  end  will  point  to  that  parti- 
cular liar  in  tHe  heavens. 

• / 

Probl  EM  LXXI. 

To  find  ‘when  any  fiar,  or  planet,  ‘will  rife,  come  to  the  meri- 
dian, and  fet  at  any  given  place. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place  ; find  the 
fun’s  place  in  the  ecliptic,  bring  it  to  the  brafs  meridian, 
and  fet  the  index  of  the  hour  circle  to  1 2 ; bring  the  liar 
(or  the  planet’s  place*)  to  theeallern  part  of  the  horizon, 
and  the  hours  between  the  fun’s  place  and  the  brafs  meri- 


* The  latitude  and  longitude  (or  the  right  afcenlion  and  declination) 
hf  the  planet,  nntfl.  he  taken  from  an  ephemeris,  and  its  place  on  the  globe 
mull,  be  determined  by  Prob.  LXVIIl  (or  I.XVll). 
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dian  will  be  the  time  from  noon  when  the  liar  or  planet  ri- 
fes.  If  the  fun’s  place  be  to  the  call  of  the  brafs  meridian, 

the  liar  or  planet  will  rife  before  noon  ; if  the  fun’s  place  be 
to  the  well  of  the  brafs  meridian,  the  liar  or  planet  will  rife 
after  noon.  In  a fimilar  manner,  by  bringing  the  liar  or  ' 
planet  to  the  meridian,  and  weftern  part  of  the  horizon, 
you  will  have  the  times  of  its  culminating  and  fetting. 

Examples,  i.  At  what  time  will  Artlurus  rile,  come 
to  the  meridian,  and  fet  at  London,  on  the  7th  of  Sep- 
tember ? 

Anftoer.  It  will  rife  at  feven  o’clock  in  the  morning,  come  to  the 
meridian  at  three  in  the  afternoon,  and  fet  at  eleven  o’clock  at  night. 

2.  On  the  firll  of  Augull  1805  the  longitude  of  Jupiter 
was  7 ligns  26  deg.  34  min.,  and  his  latitude  45  min.  N. ; at 
what  time  did  he  rife,  culminate,  and  fet,  at  Greenwich,  and 
whether  was  he  a morning  or  an  evening  liar  ? 

Anf-wer.  J upiter  rofe  at  half  pall  two  in  the  afternoon,  came  to  the 
meridian  at  about  ten  minutes  to  feven,  and  fet  at  a quarter  pall  eleven 
in  the  evening.  Here  Jupiter  was  an  evening  liar,  becaufe  he  fet  after  the 
fun. 

3.  At  what  time  does  Sirius  rife,  fet,  and  come  to  the 
meridian  of  London,  on  the  3 1 11  of  January  ? 

4.  On  the  ill  of  January  1810,  the  longitude  of  Venus 
will  be  8 ligns  22  deg.  54  min.  and  her  latitude  o deg. 
26  min.  N.  ; at  what  time  will  flie  rife,  culminate,  and  fet 
at  Greenwich,  and  whether  will  Ihe  be  a morning  or  an  even- 
ing liar  ? 

5.  At  what  time  does  Aldebaran  rife,  come  to  the  me- 
ridian, and  fet  at  Dublin,  on  the  25th  of  November  ? 

6.  On  the  lirll  of  February  1810,  the  longitude  of 
Mars  will  be  ii  figns  16  deg.  9 min.,  and  latitude  o deg.  46 
min.  S.  at  what  time  will  he  rife,  fet,  and  come  to  the  meri- 
dian of  Greenwich  ? 
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Problem  LXXII. 

To find  the  amplitude  of  any  fiar,  its  oblique  afcenfion  and  de- 
fcenfton,  and  its  diurnal  archy  for  any  given  day. 

Rule.  Elevate  the  pole  to  the  latitude  of  the  place, 
and  bring  the  given  ftar  to  the  eaftem  part  of  the  horizon  ; 
then  the  number  of  degrees  between  the  ftar  and  the  eaftern 
point  of  the  horizon  will  be  its  rifing  amplitude  ; and  the 
degree  of  the  equinoftial  cut  by  the  horizon  will  be  the 
oblique  afcenfion  : fetthe  index  of  the  hour  circle  to  12,  and 
turn  the  globe  weft  ward  till  the  given  ftar  comes  to  the  weft- 
ern  edge  of  the  horizon  ; the  hours  paffed  over  by  the  in- 
dex will  be  the  ftar’s  diurnal  arch,  or  continuance  above  the 
horizon.  The  fetting  amplitude  will  be  the  number  of  de- 
grees between  the  ftar  and  the  w'eftern  point  of  the  horizon, 
and  the  oblique  defcenfion  will  be  reprcfented  by  that  de- 
gree of  the  equinodlial  which  is  interfeiled  by  the  horizon, 
reckoning  from  the  point  Aries. 

Examples,  i.  Required  the  rifing  and  fetting  ampli- 
tude of  Sirius,  its  oblique  afcenfion,  oblique  defcenfion,  and 
diurnal  arch,  at  London  ? 

Anf’wer.  The  riling  anij'litiide  is  27  deg  to  the  fouth  of  the  call  ; 
fetting  amphiude  27  deg.  fouth  of  the  weft  ; oblique  afcenfion  120  deg.  ; 
oblique  defcenfion  77  deg.  ; and  diurunl  arch  9 hours  6 minutes. 

2.  Required  the  rifing  and  fetting  amplitude  of  Alde- 
baran,  its  oblique  afcenfion,  oblique  defcenfion,  and  diurnal 
arch,  at  London  i 

3.  Required  the  rifing  and  fetting  amplitude  of  Ardlu- 
'rus,  its  oblique  afcenfion,  oblique  defcenfion,  and  diurnal 
arch,  at  Loudon  ? 

4.  Required  the  rifing  and  fetting  amplitude  of  y Bella- 
trix,  its  oblique  afcenfion,  oblique  defcenfion,  and  diurnal 
arch,  at  London  ? ' 
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Problem  LXXIII. 

The  latitude  of  a place  given  y to  find  the  time  of  the  year  at 
•which  any  known  far  rifes  or  fete  ACHRONICALLY,  that 
is  when  it  rifes  or  fets  at  fun  fetting. 

Rule.  Elevate  the  pole  to  the  latitude  of  the  place, 
bring  the  given  ftar  to  the  eaftern  edge  of  the  horizon,  and 
obferve  what  degree  of  the  ecliptic  is  interfered  by  the  well- 
em  edge  of  the  horizon,  the  day  of  the  month  aniwerlng  to 
that  degree  will  drew  the  time  when  the  ftar  rifes  at  fun-fet, 
and  confequently  when  it  begins  to  be  viftble  in  the  evening. 
Turn  the  globe  weft  ward  on  its  axis  till  the  ftar  comes  to 
the  weftem  edge  of  the  horizon,  and  obferve  what  degree 
of  the  ecliptic  is  interfered  by  the  horizon,  as  before  ; the 
day  of  the  month  anfwering  to  that  degree  will  (hew  the 
time  when  the  ftar  fets  with  the  fun,  or  w'hen  it  ceafes  to  ap- 
pear in  the  evening. 

Examples,  i.  At  what  time  does  Arrurus  rife  achro. 
nically  at  Afcra  * in  Boeotia,  the  birth  place  of  Hefiod  ; the 
latitude  of  Afcra,  according  to  Ptolemy,  being  3 7 deg..^5 
min.  N.  ? 

Anfiver.  When  Arflurus  is  at  tiie  eaftern  part  of  the  horizon,  th® 
eleventh  degree  of  Aries  will  be  at  the  weftern  part  anfwering  to  the  fitft  - 
of  April  f , the  time  when  Ar£lurus  rifes  achronically  ; and  it  will  fet 
achronically  on  the  30th  of  November. 


* See  page  15. 

•f-  Hence  Arfturus  now  rifes  achronically  in  latitude  37“  45'  N.  about 
100  days  after  the  winter  folftice.  Heflod,  in  his  Opera  ts*  DitSy  lib.  ii. 
verfe  185,  fays  : 

When  from  the  folftice  fixty  wintry  days 

Their  turns  have  finiftied,  mark,  with  glitt’ring  rays, 

From  Ocean’s  facred  flood,  ArSlurus  rife, 

Then  firft  to  gild  the  diifky  evening  ikies. 

Here  is  a difference  of  40  days  in  the  achronical  rifing  of  this  ftar  (Aip- 
pofing  Hefiod  to  be  correft)  between  the  time  of  Hefiod  and  the  prefent 
time  ; and  as  a day  anfwers  to  about  59^  of  the  ecliptic  (fee  the  note  page 
14),  40  days  will  anfwer  to  39  deg.;  confequently,  the  winter  folftice  in 
the  time  of  Hefiod  was  in  the  9th  deg.  of  Aquarius.  Now,  the  receffion 
of  the  equinoxes  is  about  in  a year  ; hence 
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2.  At  what  time  of  the  year  does  Aldebaran  rife  achro- 
nically  at  Athens,  in  38  deg.  N.  latitude  ; and  at  what 
time  of  the  year  does  it  fet  achronically  ? 

3 . On  what  day  of  the  year  does  y in  the  extremity  of  the 
wing  of  Pegafus  rife  achronically  at  London  ; and  on  what 
day  of  the  year  does  it  fet  achronically  ? 

4.  On  what  day  of  the  year  does  £ in  the  right  foot  of 
Lepus  rife  achronically  at  London  ; and  on  what  day  of  the 
year  does  it  fet  achronically  ? 

Problem  LXXIV. 

The  latitude  of  a place  given,  to  find  the  time  of  the  year  at 

which  any  known  Jlar  rifes  or  fets  cos  MIC  ALLY,  that  is 

when  it  rifes  or  fets  at  fun-rifing. 

Rule.  Elevate  the  pole  to  the  latitude  of  the  place, 
bring  the  given  ftar  to  the  eaftern  edge  of  the  horizon,  and 
obferve  what  fign  and  degree  of  the  ecliptic  are  interfered 
by  the  horizon  ; the  month  and  day  of  the  month,  anfwcr- 
ing  to  that  fign  and  degree,  will  fhew  the  time  when  the 
ftar  rifes  with  the  fun.  Turn  the  globe  weftward  on  its  axis 
till  the  ftar  comes  to  the  weftern  edge  of  the  horizon,  and 
obferve  what  fign  and  degree  of  the  ecliptic  are  interfefted 
by  the  eaftern  edge,  as  before  ; thefe  will  point  out  on  the 
horizon,  the  time  when  the  ftar  fets  at  fun-rifing. 

Examples,  i.  At  what  time  of  the  year  do  the  Pleiades 
fet  cofmically  at  Miletus  in  Ionia,  the  birth-place  of  Thales  ; 
and  at  what>  time  of  the  year  do  they  rife  cofmically  ; the 
latitude  of  Miletus,  according  to  Ptolemy,  being  37  deg. 

N.  ? 

Anfwer.  The  Pleiades  rife  with  the  fun  on  the  lOth  of  May,”  and  tliey 
_ fet  at  the  time  of  fun-rifing  on  the  22d  of  November  *. 

2.  At 


50J''  ••  I year  : : 39^  ; 1794  years  fince  tiie  time  of  Hefiod  ; fo  that  he 
lived  990  years  before  Chrift,  by  this  mode  of  reckoning.  Lempriere,  in 
his  Claffical  Diilion.vy,  fays  Hefiod  lived  907  years  before  Chrift. 

♦ Pliny  fays  (Nat.  Hitt.  lib.  xviii.  cap.  aj.)  tliat  Thales  determined 
the  cofmical  letting  of  the  Pleiades  to  be  twenty-five  days  after  the  au- 
tumnal equinox.  Suppofing  this  obfervation  to  be  made  at  Miletus,  there 
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2 . At  wliat  time  of  the  year  does  Sirius  rife  with  the  fun 
at  London  ; and  at  what  time  of  the  year  will  Sirius  fet 
when  the  fun  rifes  ? 

3 . At  what  time  of  the  year  does  Menkar,  in  the  jaw  of 
Cetus,  rife  with  the  fun,  and  at  what  time  does  it  fet  at  fun- 
rifing,  at  London  ? 

4.  At  what  time  of  the  year  does  Procyon,  in  the  Little 
I^og’s  ftomach,  fet  when  the  fun  rifes  at  London,  and  at 
what  time  of  the  year  does  it  rife  with  the  fun  ? 

Problem  LXXV. 

ToJincI  the  time  of  the  year  when  any  given  Jlar  rifes  or  fets 

HELIACALLY  * 

Rule.  The  heliacal  rifing  and  fetting  of  the  ftars  will 
vary  according  to  their  different  degrees  of  magnitude  and 
brilliancy  ; for  it  is  evident  that,  the  brighter  a ftar  is  when 
above  the  horizon,  the  lefs  the  fun  wnll  be  depreffed  below 
the  horizon  when  that  liar  firft  becomes  vifible.  Accord- 
ing to  Ptolemy,  ftars  of  the  frjl  magnitude  are  feen  rifing 
and  fetting  when  the  fun  is  twelve  degrees  below  the  hori- 
zon ; ftars  of  the  fecond  magnitude  require  the  fun’s  depref- 
fion  to  be  thirteen  degrees  ; ftars  of  the  third  magnitude 
fourteen  degrees,  and  fo  on,  reckoning  one  degree  for  each 
magnitude.  This  being  premifed  : 


viU  be  a difference  of  thirty -five  days  in  the  cofmical  fetting  of  this  ftar 
(ince  the  time  of  Thales ; and,  as  a day  anfwers  to  about  59'  of  the 
ecliptic,  thefe  d.iys  will  make  aho'it  34“  aj  ; conlequently,  in  the  time 
of  'I'hales,  the  autumnal  equinoctial  colure  paffed  through  4®  35'  of 
Scorpio  ; and,  as  before,  50I-"  : t year  : ; 34"  aj' : 2465  years  fince  the 
time  of'l'hales,  fo  that  : Iviles  lived  (aj6j  — 1804)  66f  years  before  the 
birth  of  Cliriit.  According  to  Sir  LNewton’s  Chronology,  Thales  flou. 
rifhed  396  before  Chrift.  '1  hales  was  well  fkilled  in  geometry,  aftro- 
iiomy,  and  phil->fophy  ; he  meafured  the  height  and  extent  of  the  Pyramids 
of  Egypt,  was  the  firll  who  calculated  with  accuracy,  a folar  eclipfe  : he 
difeovered  the  fo’ftices  and  equinoxes,  divided  the  heavens  into  five  aones, 
and  recommended  the  divifion  of  the  year  into  365  days.  Miletus  was 
fituated  in  Alia  Minor,  fouth  of  Ephefus,  and  fouth  eaft  of  the  ifland  of 
Samos. 

• See  Definition  89,  page  zj. 

To 
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To  SOLVE  THE  pROBLEM.  Elevate  the  pole  fo  many 
degrees  above  the  horizon  as  are  equal  to  the  latitude  ot 
the  place>  and  fcrew  the  quadrant  of  altitude  on  the  brafs 
meridian  over  that  latitude  ; bring  the  given  ftar  to  the  eaf- 
tern  edge  of  the  horizon,  and  move  the  quadrant  of  altitude 
till  it  interfedls  the  ecliptic  twelve  degrees  below  the  ho- 
rizon, if  the  ftar  be  of  the  firlt  magnitude  ; thirteen  de- 
grees, if  the  ftar  be  of  the  fecond  magnitude  ; fourteen  de- 
grees if  it  be  of  the  third  magnitude  &c.  : the  point  of  the 
ecliptic,  cut  by  the  quadrant,  will  fhew  the  day  of  the 
month,  on  the  horizon,  when  the  ftar  riles  heliacally.  Bring 
the  given  ftar  totheweftem  edge  of  the  horizon,  and  move 
the  quadrant  of  altitude  till  it  interfecls  the  ecliptic  below 
the  weftern  edge  of  the  horizon,  in  a limilar  manner  as  be- 
fore ; the  point  of  the  ecliptic,  cut  by  the  quadrant  will 
lliew  the  day  of  the  month,  on  the  horizon,  when  the  ftar 
fets  heliacally. 

Examples,  i.  At  what  time  does  |S  Tauri,  or  the 
bright  ftar  in  the  Bull’s  Horn,  of  the  fecond  magnitude, 
rife  and  fet  heliacally  at  Rome  ? 

Anftjuer.  The  quadrant  will  interfedl  the  3d  of  Cancer  13  deg.  below 
the  eaftern  horizon,  anfwering  to  the  24th  of  June;  and  the  7 th  of  Ge- 
mini. 13  deg.  below  the  weftern  horizon,  aniwering  to  the  28th  of  May, 

2.  At  what  time  of  the  year  does  Sirius,  or  the  Dog 
Star,  rife  heliacally  at  Alexandria  in  Egypt  j and  at  what 
time  does  it  fet  heliacally  at  the  fame  place  ? 

Anjuuer.  The  latitude  of  Alexandria  is  31  deg.  13  min.  north  ; the 
quadrant  will  interfedl  the  I2th  of  Leo,  12  deg.  below  the  eaftern  hori- 
zon, anfwering  to  the  4th  of  Auguft  * ; and  the  2d  of  Gemini,  12  deg. 
below  the  weftern  horizon,  anfwering  to  the  23d  of  May. 

3.  At 


* The  ancients  reckoned  the  beginning  of  the  ZJajj  from  the  he- 
liacal nfing  of  Siiius,  and  their  continuance  to  be  about  40  days.  Hehod 
informs  us  that  the  hotteft  feafon  of  the  year  {Dog  Days)  ended  about 
todays  after  the  fummer  folftice.  We  have  determined  in  the  sote  i4' 
Example  I. Prob. LXXI-.I.  (though  perhaps  not  very  accurately),  that  th.e 
winter  folftice,  in  the  time  of  Heliod,  was  in  the  9th  degree  of  Aquarius  ; 
confequently,  the  fummer  folftice  was  in  the  9th  degree  of  I.eo : now,  it 
eppears  from  above,  that  Sirius  rifes  heliacally  at  Alexandria  when  the  ii«t 
is  in  theiath  degree  of  Leo  ; and,  as  a degree  nearly  anfwers  tj  a day, 
Siiius  rofe  heliacally,  in  the  time  of  Hefiod,  about  four  days  after 
the  fummer  folftice  ; and,  if  the  Dog  Days  continued  forty  days,  they 

ended 
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3.  At  wliat  time  of  the  year  does  Ardurus  rife  hellacally 
at  Jerufalem,  and  at  what  time  does  it  fet  heliacally  ? 

4.  At  what  time  of  the  year  does  Cor  Hydrae  rife  and 
fet  heliacally  at  London  ? 

5.  At  what  time  of  the  year  does  Procyon  rife  and  fet 
heliacally  at  London  ? 

6.  If  the  preceflion  of  the  equinoxes  be  5o|-  feconds  in  a 
year,  how  many  years  will  elapfe,  from  1808,  before  Sirius, 
the  Dog  Star,  will  rife  heliacally  at  Chriftmas,  at  Cairo  in 
^Syp^  ' When  this  period  happens,  Sirius  will  perhaps  no 
longer  be  accufed  of  bringing  fultry  weather. 

Problem  LXXVI. 

The  latitude  of  a place  and  day  of  the  month  being  given,  to find 

all  thofefiars  that  rife  and  fet  ACHRONICALly,  COSMI- 

CALLY,  and  HELIACALLY  *. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  given  place. 
Then, 

I.  For 


nded  about  forty-four  days  after  the  fummer  folftice.  The  Dog  Days,  in 
our  almanacs.,  begin  on  the  third  of  July,  which  is  twelve  days  after  the 
fummer  lolftice,  and  end  on  the  eleventh  of  Auguft,  which  is  fifty-one 
days  after  the  fummer  folftice  ; and  their  continuance  is  thirty-nine  days. 
Hence  it  is  plain,  that  the  Dog  Days  of  the  moderns  have  no  reference 
whatever  to  the  rifing  of  Sirius,  for  this  ftar  rifes  heliacally  at  London  on 
the  twenty-fifth  of  Auguft,  and,  as  well  as  the  reft  of  the  ftars,  varies  inks 
rifing  and  letting  according  to  the  variation  of  the  latitudes  of  places,  and 
therefore  it  could  have  no  influence  whatever  on  the  temperature  of  tlie 
atmofphere  ; yet,  as  the  Dog  Star  rofe  heliacally  at  the  commencement  of 
the  hottert  fealbn  in  Egypt,  Greece,  &c.  in  the  earlier  ages  of  the  world, 
it  was  very  natural  for  the  ancients  to  imagine  that  the  heat,  &c.  was  the 
efFeft  of  this  flar.  A few  years  ago,  the  Dog  Days  in  «ur  almanacs  began 
at  the  cofmical  rifing  of  Procyon,  via.  on  the  30th  of  July,  and  continued 
to  the  7th  of  September;  but  they  are  now,  very  properly,  altered,  and 
made  not  to  depend  on  the  variable  rifing  of  any  particular  ftar,  but  on 
the  fummer  folftice. 

• This  problem  is  the  reverfe  of  the  three  preceding  problems.  Their 

frlncipal  ufe  is  to  illuftrate  feveral  paflages  in  the  ancient  writers,  fuch  as 
lefiod,  Virgil,  Columella, Ovid,  Pliny,  &c.  See  Definition  64,  page  15. 
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I 

1 . For  the  achrontcal  rifing  and fctting,  find  the  fun’s  place 
in  the  ecliptic,  and  bring  it  to  the  wejlern  edge  of  the  hori- 
zon, and  all  the  ftars  along  the  eaftern  edge  of  the  horizon 
will  rife  achronically,  while  thofe  along  the  weftern  edge 
will  fet  achronically. 

2.  For  the  cofm  'tcal rifing  and  fetting,  bring  the  fun’s  place 
to  the  eajiern  edge  of  the  horizon,  and  all  the  ftars  along 
that  edge  of  the  horizon  will  rife  cofmically,  while  toliofe 
along  the  weftern  edge  will  fet  cofmically. 

3 . For  the  heliacal  rifing  and feltings  fcrew  the  quadrant  of 
altitude  over  the  latitude,  turn  the  globe  caftvvard  on  it? 
axis  till  the  fun’s  place  cuts  the  quadrant  twelve  degrees  be- 
low the  horizon  ; then  all  ftars  of  the  firft  magnitude,  along 
the  eaftern  edge  of  the  horizon,  will  rife  heliacally  ; and^ 
by  continuing  the  motion  of  the  globe  eaft  ward  till  the  fun’s 
place  interfecfs  the  quadrant  in  13,  14,  15,  &c.  degrees  be- 
low the  horizon,  you  will  find  all  the  ftars  of  the  fecond, 
third,  fourth^  &c.  magnitudes,  which  rife  heliacally  on  that 
day.  By  turning  the  globe  weftard  on  its  axis,  in  a fimi- 
lar  manner,  and  bringing  the  quadtant  to  the  weftern  edge 
of  the  horizon,  you  will  find  all  the  ftars  that  fet  heliacally. 

Examples,  i.  What  ftars  rife  and  fet  cofmically  at 
Edinburgh,  on  the  nth  of  June  ? 

Anfwer.  The  bright  ftar  in  Caltor,  Aldebaran  in  Taurus,  Fomalhaut 
in  the  Southern  Fifh,  &c.  rife  cofmically  ; thofe  ftars  in  the  body  of  Leo 
Minor,  the  arm  of  Virgo,  the  right  foot  of  Bootes,  part  of  t ie  Centaury 
&c.  fet  cofmically. 


The  knowledge  of  thefe  poetical  rifings  and  fettings  of  the  ftars  was  hcifl 
in  great  efteem  among  the  ancients,  and  was  very’  ufeful  to  them  in  adjuft- 
ing  the  times  fet  apart  for  their  religious  and  civil  duties,  and  for  marking 
thefeafons  proper  for  the  feveral  parts  of  hufbandry  ; for  the  knowledge 
which  the  ancients  had  of  the  motions  of  the  heavenly  bodies  was  not  fut- 
ficient  to  adjuft  the  true  length  of  the  year ; and,  as  the  returns  of 
the  feafons  depend  upon  the  apjiroach  of  the  ftni  to  the  tropical'- 
and  equinodlial  points,  fo  they  made  ufe  of  thefe  rifings  and  fettings 
to  determine  the  commencement  of  the  different  feafons,  the  time  of  the 
overflowing  of  the  Nile,  &c.  The  knowledge  which  the  moderns  have 
acquired  of  the  motions  of  the  heavenly  bodies  renders  fuch  obfervatiotrs 
as  the  ancients  attended  to  in  a gre.it  meafiire  ufelefs,  and,  inftead  of 
watching  the  rifing  and  lotting  of  particular  ftars  for  any  remarlcable  fea- 
fon,  they  can  fit  bythe  fire-fide  and  confult  an  almanac. 


a,  Whc.t 
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2.  What  ftars  rife  and  fet  achronically  at  Drontheim  in 
Norway,  latitude  63®  26'  N.  on  the  i8th  of  May  ? 

Attfiuer.  Altair  in  the  Eagle,  the  head  of  the  Dolphin,  &c.  rife  achro- 
nically ; and  Aldebaran  in  Taurus,  Betelguefe  in  Orion,  &c.  fet  achro- 
nically. 

3 . What  ftar  of  the  firft  magnitude  rifes  heliacally  at 
London,  on  the  7th  of  October  ? 

Anftver.  Ardturus  in  Bootes. 

■ 4.  What  ftar  of  the  firft  magnitude  fets  heliacally  at 
London,  on  the  5th  of  May  ? 

Anjiuer.  Sirius  the  Dog  Star. 

5.  What  ftars  rife  and  fet  achronically  at  London,  on  the 
26th  of  September  ? 

6.  What  ftars  rife  and  fet  cofmically  at  London,  on  the 
23d  of  March  ? 


Problem  LXXVII. 

To  illujlrate  the  precejfton  of  the  equinoxes. 

Observations.  All  the  ftars  in  the  different  conftel- 
ations  continually  increafe  in  longitude  ; confequently  ei- 
ther the  whole  ftarry  heavens  has  a flow  motion  from  weft 
to  eaft,  or  the  equinoftial  points  have  a. flow  motion  from 
caft  to  weft.  In  the  time  of  Meton  *,  the  firft  ftar  in  the 
conftellation  Aries,  now  marked  /S,  paffed  through  the 
vernal  equinox,  whereas  it  is  now  upwards  of  30  f degrees 
to  the  eaftward  of  it. 

Illustration.  Elevate  the  north  pole  90  degrees 
above  the  horizon,  then  will  the  equinoftial  coincide  with 


* Meton  was  a famous  mathematiciin  of  Athens,  who  llourilhed  about 
4J0  years  before  Chrifl.  In  a book  called  Enneadfcateritles , or  cycle  of  19 
i years  he  endeavoured  to  adjuft  the  courfe  of  the  fun  and  of  the  moon  ; 
il  and  attempted  to  (hew'  that  the  folar  and  lunar  years  could  regularly  begiij 

3 from  the  fame  point  in  the  heavens, 

« f If  the  preceflion  of  the  equinoxes  be  5o|-''  in  a year,  and  if  the  equi- 
t nodlial  colure  pafTed  through  /3  Arietis,  430  years  before  Chrift,  the  longi- 

4 tilde  of  this  ftar  ought  now  (1804)  to  be  31”  10'  for  i year  : 50^'' : ; 

aX34  years  (:=:  43©  1804)  : 31°  lo'  58',  and  tliis  longitude  is  not 

far  from  the  truth. 

tl.e 
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the  horizon ; bring  the  pole  * of  the  ecliptic  to  that  part  of 
the  brafs  meridian  which  is  numbered  from  the  north  pole 
towards  the  equinoftial,  and  make  a mark  upon  the  brafs 
meridian  above  it ; let  this  mark  be  confidered  as  the  pole 
of  the  world,  let  the  equinoftial  reprefent  the  ecliptic,  and 
kt  the  ecliptic  be  confidered  as  the  equinoftial ; then  count 
38^  degrees,  the  complement  of  the  latitude  of  London, 
from  this  pole  upwards,  and  mark  where  the  reckoning 
ends,  which  will  be  at  75  degrees,  on  the  brafs  meridian, 
from  the  fouthern  point  of  the  horizDn  ; this  mark  will 
ftand  over  the  latitude  of  London. 

Now  turn  the  globe  gently  on  its  axis  from  eaft  to  w’eft, 
and  the  equinoftial  points  will  move  the  fame  way,  while 
at  the  fame  time,  the  pole  of  the  world  f will  defcribe  a 
circle  round  the  pole  of  the  ecliptic  of  46"  56'  in  diame- 
ter ; this  circle  will  be  completed  in  a Platonic  (|  year,  con- 
fiftingof  25,791  years,  at  the  rate  of  50^  feconds  in  a year, 
and  the  pole  of  the  heavens  will  vary  its  fituation  a fmall 
matter  every  year.  When  12,8955  years,  being  half  the 
Platonic  year,  are  completed  (which  may  be  known  by 
turning  the  globe  half  round,  or  till  the  point  Aries  coincides 
with  the  eaftern  point  of  the  horizon),  that  point  of  the 
heavens  which  is  now  8^  degrees  fouth  of  the  zenith  of 
London  will  be  the  north  pole,  as  may  be  feen  by  referring 
to  the  mark  which  was  made  over  75  degrees  on  the  meridian. 


* The  pole  of  the  ecliptic  is  that  point  on  the  globe  where  the  circular 
lines  meet. 

f Let  it  be  remembered  that  the  pole  of  the  ecliptic  on  the  globe  here 
reprefentsthe  pole  of  the  world. 

I T<»ke  notice,  that  the  extremity  of  the  globe’s  axis  here  reprefents 
the  pole  of  the  ecliptic. 

II  A Platonic  year  is  a period  of  time  determined  by  the  revolution  of  ’ 
the  equinoxes : this  period  being  once  completed,  the  ancients  were  of  opt-  • 
nion  that  the  world  was  to  begin  anew,  and  the  fame  feries  of  tilings  to  • 
return  over  again.  See  the  64th  Definition,  page 
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Problem  LXXVIII. 

To  Jlnd  the  dijl antes  of  the  Jlars  from  each  other  in  degrees* 

Ru  L E.  Lay  the  quadrant  of  altitude  over  any  two  ftars, 
Fo  that  the  divifion  marked  o may  be  on  one  of  the  ftars  ; the 
degrees  between  them  will  fhew  their  diftance,  or  the  angle 
which  thefe  ftars  fubtend,  as  feen  by  a fpeftator  on  the 
earth. 

1 Examples,  i.  What  is  the  diftance  between  Vega  in 
Lyra,  and  Altair  in  the  Eagle  ? 

Anfwer.  34  degrees. 

2.  Required  the  diftance  between  /S  in  the  Bull’s  Horn, 
ind  y Bellatrix  in  Orion’s  fhoulder  ? 

3.  What  is  the  diftance  between  jS  in  Pollux,  and  a In 
i’rocyon  ? 

4.  What  is  the  difference  between  n,  the  brighteft  of  the 
’leiades,  and  /S  in  the  Great  Dog’s  Foot  ? 

5.  What  is  the  diftance  between  i in  Orion’s  girdle,  and 
' in  Cetus  ? 

6.  What  is  the  diftance  between  Arfturus  in  Bootes,  and 
in  the  right  ftioulder  of  Serpentarius  ? 

Problem  LXXIX. 

'ofnd  'what  Jlars  He  in  or  near  the  moon^s  path.,  or  nuhat Jlars 
the  moon  can  eclipfe,  or  make  a near  approach  to.  • 

Rule.  Find  the  moon’s  longitude  and  latitude,  or  her 
ght  afeenfion  and  declination,  in  an  ephemeris,  for  feveral 
ays,  and  mark  the  moon’s  places  on  the  globe  (as  diredied 
1 Problems  LXVIIIor  LXVII)  ;then  by  laying  a thread 
• the  quadrant  of  altitude,  over  thefe  places,  you  will  fee 
?arly  the  moon’s  path  *,  and,  confequently,  what  ftars  lie 
her  way. 

Exam. 


* The  fituation  of  the  moon’s  orbit  for  any  particular  day  may  be  foimd 
us ; find  the  place  of  the  moon’s  afeending  node  in  the  Ephemeris, 
irk  that  place  and  its  antipodes  (being  the  defeending  aode)  on  the 

globe ; 
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Examples,  i.  What  ftars  were  in,  or  near,  the  moon’s 
path,  on  the  loth,  iith,  13th,  and  i6th  of  December  1805. 

joth,  ])  ’s  longitude  Si  20°  12'  latitude  34'  S. 
iith,  - - WR  4 22  - - '4  25  S. 

13th,  . - ^ I 39  . - 5 15  S. 

' i6th,  - - ^ 10  1 1 - - 4 26  S. 

Anfiusr.  The  ftars  will  be  found  to  be  Cor  I^eonis  or  Regulus,  Spic* * 
Virginis,  « in  JLibra,  &c.  See  page  47  White’s  Ephemeris. 

2.  On  the  16th,  17th,  1 8 th,  and  19th  of  May  i8io,  what 
ftars  will  lie  near  the  moon’s  way  ? 

1 6th,  D ’s  right  afcenfion,  206°  47',  declination  9®  42'  S. 
17th,  - - - 220  43  - - 13  14  S' 

i8th,  - - - 235  22  - - 16  3 S. 

19th,  - - - ' 250  38  - - 17  53  S. 

Pr-oblem  LXXX. 

Given  the  latitude  of  the  place  and  the  day  of  the  month,  to 
fnd  luhat  planets  nvill  he  above  the  horizon  after  fun  fetting^ 

I 

Rule.  Elevate  the  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place  ; find  the 
fun’s  place  in  the  ecliptic,  and  bring  it  to  the  weftern  part 
of  the  horizon,  or  to  ten  or  twelve  degrees  below  ; then 
look  in  the  Ephemeris  for  that  day  and  month,  and  you  will 
find  what  planets  are  above  the  horizon,  fuch  planets  will 
be  fit  for  obfervation  on  that  night. 

, Examples.  1.  Were  any  of  the  planets  vifible  after 
the  fun  had  defeended  ten  degrees  * below  the  horizon  of 


globe ; half  ihe  way  between  thefe  points  make  marks  20'  on  the 
north  and  foutli  fide  of  the  ecliptic,  viz.  let  the  northern  mark  between 
the  afeending  and  defeending  node,  and  the  fouthetn  between  the  defeend- 
ing  and  afeending  node ; a thread  tied  round  thefe  four  points  will  (hew 
the  pofition  of  the  moon’s  erbit. 

* The  planets  are  not  vifible  till  the  fun  is  a certain  number  of  degree^ 
below  the  horizon,  and  thefe  degrees  are  variable  according  to  the  bri^.ht- 
nefs  of  the  planets.  Mercury  becomes  vifible  when  the  fun  is  about  IC 
deg.  below  the  horizon  ; Venus  when  the  fun’s  deprelTion  is  5 deg.  ; Mars 
n°3c/  ; Jupiter  ro"  ; Saturn  ii";  and  the  Georgian  17® 30'. 
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Ijondon,  on  the  ul  of  December  1805  ? Their  longitudes 
being  as  follow  ; 

§ 8' '22°  30'  8’  15®  27'  5 ’s  longitude  at 

? 9 23  40  b 6 24  50  midnight  o’  9' 

d 8 25  21  y 6 24  5 

Anf'jLcr.  Venus  and  die  moon  were  vilible. 

2.  What  planets  will  be  above  the  horizon  of  London 
when  the  fun  has  defcended  ten  degrees  below,  or  the  25th 
of  January  1810?  Their  longitudes  being  as  follow? 

5 10’  29°  20'  Tf.  o'  18  " 24'  D ’s  longitude  at 

$ 9 23  o T?  8 12  35  midnight  6' 5®  26' 

d 1 1 10  43  ^7140 

Problem  LXXXI. 

"Given  the  latitude  of  the  place,  day  cf  the  month,  and  hour  of 
the  night  or  morning,  to  find  what  planets  nuill  be  viJibU  at 
that  hour. 

Rule.  Elevate  the  pole  fo  many  degi-ees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place  find  the 
fun's  place  in  the  ecliptic,  bring  it  to  the  brafs  meridian, 
and  fet  the  index  of  the  hour  circle  to  iz  ; then,  if  the  givei: 

; time  be  before  noon,  turn  the  globe  eallward  till  the  index 
i has  pafled  over  as  many  hours  as  the  time  wants  of  noon. ; 

but,  if  the  given  time  be  pall  noon,  tuni  the  globe  weft- 
I ward  on  its  axis  till  the  index  has  palTed  over  as  many  hours 
; as  the  time  is  pall  noon  ; let  the  glebe  reft  in  this  pofition, 
and  look  in  the  Ephemeris  for  the  longitudes  of  the  planets 
and,  if  any  of  them  be  in  the  figns  which  are  above  tbeho. 

I rizon,  fuch  planets  will  be  vilible. 

(Examples,  i.  On  the  firft  of  December  iSoj  the  lon- 
gitudes * of  the  planets,  by  an  ephemeris,  were  as  follow 

!*  It  is  not  necelTary  to  give  the  latitudes  of  the  planets  in  this  pro- 
blem ; for,  if  the  fignsand  degrees  of  the  ecliptic  in  which  their  lorgitudes 
are  fituated  be  above  the  horizon,  the  pljr-rts  will  Ukewife  be  4baveihe 
borizon. 
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were  any  of  them  vifible  at  London  at  five  o’clock  in  the 
morning  ? 

^ b*  22®  30'  ^ 8*  15'  27'  D ’s  Idhgitude  at 

9 23  40  h 6 24  50  midnight©  9 15'. 

^ 8 25  21  6 24  5 

Anf-uter.  Saturn  and  the  Georgium  Sidus  were  vifible,  and  both 
nearly  in  the  fame  point  of  the  heavens,  near  the  caftern  horizon;  Saturn 
was  a little  to  the  north  of  the  Georgian. 

2.  On  the  firfl  of  Oftobcr  1810,  the  longitudes  of  the 
planets  in  the  fourth  page  of  the  Nautical  Almanac  are  as 
follow  ; will  any  of  them  be  vifible  at  London  at  ten  o’clock 
in  the  evening  ? 

5 7®  1°  26'  71  2’  1°  13’  D ’s  longitude  at mid- 

S 7 23  37  b 8 10  34  night  7' 1 7"  51'. 

^ 5 3 33  ^ 7 12  23 


Problem  LXXXII. 

I 

Tie  latitude  of  the  place  and  day  of  the  month  givens  to  find  ho'W 
long  Venus  rifes  before  the  fun  ‘when  Jhe  is  a morning  flar^ 
and  ho^iv  long  Jhe  Jets  after  the  fun  •when  floe  is  an  evening 
Jiar. 

Rule.  Elevate  the  pole  To  many  degrees  above  the 
Horizon  as  are  equal  to  the  latitude  of  the  place ; find  the 
latitude  and  longitude  of  Venus  in  an  ephemeris,  and  mark 
her  place  on  the  globe  ; find  the  fun’s  place  in  the  ecliptic, , 
bring  it  to  the  brafs  meridian,  and  fet  the  index  of  the- 
hour  circle  to  12  ; then,  if  the  place  of  Venus  be  to  the  right' 
hand  of  the  meridian,  file  is  an  evening  ftar  j if  to  the  lefti 
hand,  Ihe  is  a morning  ftar. 

When  Venus  is  an  evening Jlar.  Turn  the  globe  weft  ward’ 
till  the  fun  comes  to  the  weitern  edge  of  the  horizon  ; thee 
Vours  paffed  over  by  the  index  will  be  the  time  from  noonn 
■w  t^n  the  fun  fets  ; continue  the  motion  of  the  globe  weitfi 
ward  till  Venus  comts  to  the  weftem  edge  of  the  horizon, , 
and  tf»e  hours  pitfiTed  over  by  the  index  will  be  the  time  il 
from  noou  when  Venus  fets  ; the  difference  between- theft 
times  wilHhew  how  long  Venus  fets  after  the  fun. 
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IV hen  P’enus  is  a morning  Jiar,  T urn  the  globe  caftward 
on  its  axis  till  the  fun  comes  to  the  eaftern  edge  of  the  hori- 
zon ; the  hours  pafTed  over  by  the  index  will  be  the  time 
which  the  fun  vifes  before  noon  : continue  the  motion  of  the 
globe  eaft ward  till  Venus  comes  to  the  eaftern  edge  of  the 
horizon,  and  the  hours  paiTed  over  by  the  index  will  be  the 
time  which  Venus  rifes  before  Boon  : the  difference  between 
thefe  times  will  (hew  how  long  Venus  rifes  before  the 
fun. 

Note.  The  fame  rule ’unllferve  for  Jupiter,  hy  marking 
his  place  tnjhad  of  that  of  Verms. 

Examples,  i.  On  the  firft  of  March  1805,  Ion* 
gitude  of  Venus  was  10  ligns  18  deg.  14  min.,  or  18  deg. 
14  min.  in  Aquariu?,  latitude  o deg.  52  min.  fouth  ; was 
(he  a morning  or  an  e\ening  ftar  ? If  a moniing  ftar^ 
how  Icujg  did  (he  rife  before  the  fun  at  Eomlon  ; if  an  even- 
ing ftar,  how  long  did  ftie  (bine  after  the  fun  fet  ? 

Anfvuer.  Venus  wns  a morning  Itar  ; ihe  lun  role  5 J- hours  before  noon, 
or  at  half  pad  6 ; and  Venus  ro;  j about  6,1  hours  before  noon,  or  at  three 
quarters  pod  live  ; aoi^fcqvently,  Vem»s  role  three  quarters  of  an  hour 
before  the  fun. 

2.  On  the  2jth  of  Oiftober  1805,  the  longitude  of  Ju- 
piter was  8 iigus  7 deg.  26  min.,  or  7 deg.  26  min,  in  Sagit- 
tarius, latitude  o deg.  29  min.  north  ; whether  was  he 
a morning  or  an  evening  ftar  ? If  a morning  ftar  how  long 
did  he  rife  before  the  fun  at  London  : if  . an  evening  ftar, 
how  long  did  he  ftiine  after  the  fun  fet  ? 

An/wer.  Jupiter  was  an  evening  ft«r  ; thes  liin  fetiat  5 o'clock,  and  Ju- 
piter let  aoout  ao  minutes  after  lix;  confequfntjy,  hs  lot  thour  and  20 
mmutew  after  tlie  fun. 

3.  On  the  firft  of  November  1 5 iO»  the  ^ongrtudfi  of  Ve- 
I nu6  will  be  8 ligns  24  deg.  30  min,,  .latitude <4  dog.  7 
I min.  fqitth  ; wilUlie  be  a monihig  or  an  evening  ftar  ? If  (he 
j be  a morning  ftar,  how  Ioi)g  wiU  ftte  rile  befo.e  U;e  fun  at 

’LoHdon  ; if  an  evening  ftar,- how  long  will  Ihe  Ihyie  after 
I the  fun  fets  ? 

4.  On  the  feventh  of  January^  1810,  the  longitude  pf  Ju- 
piter will  be  o figns  .15  deg.  48  min.,  latitude  I deg.  jt8  mtn. 

I .foutk  will  he  be  a moniing  or  an  evening  ftar  ? It -be  be  a 

o 2 morning 


PROBLEMS  PERFORMED  BY 


2^t 


Fan  in. 


morning  ftar,  how  long  will  he  rife  before  the  fun  ; if  an 
evening  ftar,  how  long  will  he  fhine  .after  the  fun  fets  ? 


Problem  LXXXIII. 

The  latitude  of  a place  and  day  of  the  month  * being  giver.y  to 
find  the  meridian  altitude  of  any far  or  planet. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  given  place  ; then, 

For  a far.  Bring  the  given  ftar  to  that  part  of  the 
brafs  meridian  which  is  numbered  from  the  equator  towards 
the  poles  ; tlie  degrees  on  the  meridian  contained  between 
the  ftar  and  the  horizon  will  be  the  altitude  required. 

For  the  moon  or  a planet . Look  in  an  ephemeris  for  the 
planet’s  latitude  and  longitude,  or  for  its  right  afcenfton 
and  declination,  for  the  given  month  and  day,  and  mark  its 
place  on  the  globe  (as  in  Prob.  LXVIII  or  LXVII)  ; 
bring  the  planet’s  place  to  the  brafs  meridian  ; and  the 
number  of  degrees  between  that  place  and  the  horizon  will 
be  the  altitude. 

Examples,  i.  What  is  the  meridian  altitude  of  Alde- 
baran  in  Taurus,  at  London  ? 

Arifixier.  54”.  36'. 

2.  What  is  the  meridian  altitude  of  Arftiirus  in  Bootes, 
at  London  ? 

3 On  the  firft  of  September  i8io,  the  longitude  of 
Mars  will  be  4 figns  14  deg.  41  min.,  and  latitude  i deg. 

9 min.;  north  ; what  will  his  meridian  altitude  be  at  Lon  . . 
dop  ? 

4.  On  the  firft  of  April  iSlO,  the  longitude  of  Saturn 
will  be  8 figns  i j deg.  17  min.,  and  latitude  i deg.  45  min. 
north,  what  will  his  meridian  altitude  be  at  London  ? 

5.  On  the  eleventh  of  April  1R05,  at  the  time  of  the 
moon’s  paffage  over  the  meridian  of  Greenwich,  her  right 


* The  ftieritll.m  altitudes  of  the  liars  on  fhe  ^lobe,iu  the  lame  latitude, 
are  iayariable  ; theiefore,  when  the  mfe'ridiaii  altitude*  of  a flair  Is  fought 
the  day  uf  the  menth  need  not  be  attended  to. 
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afcenfion  was  208  deg.  7 min.  *,  and  declination  16  deg.^ 
4,8  min.  foutli;  required  her  meridian  altitude  at  Green- 
wich •]'  ? 

Anfwtr.  21"  42'. 


. Problem  LXXXIV. 

To  jind  all  thofe  places  on  the  earth  to  ivhich  the  moon  ivill  be 
nearly  vertical  on  any  given  day.  . 

Rulr;  Look  in  an  ephemeris  for  the  moon’s  latitude 
and  longitude  for  the  given  day,  and  mark  lier  place  on  the 
globe  (as  in  Prob.  LXVIII)  ; bring  this  place  to  that  part 
of  the  brafs  meridian  which  is  numbered  from  the  equator 
towards  the  poles,  and  obferve  the  degree  above  it  ; for  all 
places  on  the  earth  having  that  latitude  will  have  the  moon 
vertical  (or  nearly  fo)  when  Ihe  comes  to  their  refpedlive 
meridians 

Or  : Take  the  moon’s  declination  from  page  VI.  of  the 
Nautical  Almanac,  and  mark  whether  it  be  north  or  fouth  ; 


* By  the  NauticalAlmanac,  the  moon  pafTed  over  the  meridian  at  40 
minutes  pral:  ten  o’dock  in  the  evening,  on  the  nth  of  April  1805. 

208"  48'  }) ’s  right  afcenfion  at  midnight. — Declination  17"  3'  S. 
202  47  do.  at  - - - - - noon  - - ditto  - - 1456  S, 


I incrcafe  in  I2  hovirt  from  noon 

^••TjriL  .to'*  rO 


2 7 

1 2 h : : 2°  7' : : 10  h.  40'  : x°  52' ; 
hence  14“ 56'  4-  i"52  rz  i6"48' 
the  moon’s  declination  at  40  min. 
part  10. 

taken  out  of  fhc  Enhemeris  for  noon 


6 

I2h,  : 6®  l'  : : 10  h 40'  : 5®  20 
henc€202®  47' -t-  5®2o'~  208’ 7' 
the  moon’s  right  afcenfion  at  4c 
minutes  pall  10. 

The  places  of  the  planets  may  be! 
without  fenfible  error,  becaufe  their  declinations  vaiy  lefs  than  that  of  Uic 
moon. 

•f-  The  moon  will  have  the  greatell  and  leaft  meridian  altitude  to  all  the 
inhabitants  north  of  the  equator,  when  her  afeending  node  is  in  Aries;  for 
her  orbit  making  an  angle  of  j<-"with  the  ecliptic,  her  greateft  altitude 
will  be  5^'  more  than  the  greatell  meridional  altitude  of  the  fun,  and  her 
U-ail  meridioiial  altitude  5I®  Id's  tlian  that  of  the  fun.  'i  be  greateft  alti- 
tude of  the  fun  at  London  is  62®;  the  moon’s  gre.itell  altitude  is  tliere- 
fore  07"  20''  i he  le.dl  meridionalTiltitude  of  the  fun  at  London  istj"  ; 
the  Ic^rt  iner.di^nal  altitude  of  rlic  mocii  is  therefore  9''  4c/. 
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then*,  by  th'e  terreflriaV  globe;  or  b'y  a map,  flnd  airplaces 
Kaving  the  fame  number  of  degrees  of  latitude  as  are  con- 
tained in  the  moon’s  declination,  and  thofe  will  be  the  places 
to  which  the  moon  will  be  fuccefiively  vertical  on  the  given 
day  If  the  moon’s  declination  be  north,  the  places  will 
be  in  noith  latitude ; if  the  moon’s  declination  be  fouth, 
they  w’iilbe  in  fouth  latitude. 

Examples,  i.  On  the  15th  of  Oftober  i Soy,  the  moon’s 
longitude  at  midnight  v/as  3 figns  29  deg.  14  min.,  and  her 
latitude  i deg.  35  min.  fouth  ; over  v/hat  places  did  (he  pafs 
nearly  vertical  ? 

AnJiL-tr.  From  the  moon’s  latitude  and  longitude  being  given,  her  de- 
c’/maLion  maybe  found  by  the  globe  to  be  about  19°  north.  The  moon 
v/ns  vertical  at  Perto  Rico,  St  Domingo,  the  north  of  Jamaica,  O’wliy’- 
tt«c,  ^!ic. 

2.  On  the  20th  of  December  1810,  the  moon’s  longi- 
tude at  midnight  will  be  6 figns  20  deg.,  and  her  latitude  i 
deg.  5 min.  north  ; over  w'hat  places  on  tlie  earth  w-ill  file 
pais  nearly  vertical  ? 

3.  What  is  the  greateit  north  declination  which  the  moon 
can  poffibly  have,  and  to  what  places  will  (he  be  then  ver- 
tical ? 

4.  What  is  the  greateft  fouth  declination  tvhich  the 
iTioon  can  poflibly  have,  and  to  what  places  will  (lie  be  then 
vertical  'i 

Problem  LXXXV. 

C!v£n  the  latitude  of  a place.,  day  of  the  month,  and  the  altitude 
__  of  ajlar,  to  find  the  hour  of  the  ni^ht,  and  the  Jlar's  azi- 
muth. 

* Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  place,  and  ferew' 
the  quadrant  of  altitude  upon  the  brafs  meridian  over  that 
latitude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brals  meridian,  and  fet  the  index  of  the  hour  circle  to  12  ; 
bring  the  lower  end  of  the  quadrant  of  altitude  to  tliat  fide 
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cf  the  meridian  * on  which  the  ftar  was  fituated  when  ob- 
fcrved  ; turn  the  globe  tuejl-ward  till  the  centre  of  the  ftar  ' 
cuts  the  given  altitude  on  the  quadrant  ; count  the  hours 
which  the  index  has  pafled  over,  and  they  w'ill  fhew  the 
time  from  noon  when  the  ftar  has  the  given  altitude  : the 
quadrant  will  interfeft  the  horizon  in  the  required  azimuth. 

Examples,  i.  At  London,  on  the  28th  of  Decem- 
ber, the  ftar  Deneb  in  the  Lion’s  tai  , marked  /J,  was  ob* 
ferved  to  be  40  deg  above  the  horizon,  and  call;  of  the  me- 
riJian,  what  hour  was' it,  and  what  was  the  ftar’s  azimuth? 

jlnJ-wcr.  By  bringing  the  fun’s  place  to  the  tneiicia  i,  and  tiimmij  the 
globe  wcll.vaid  on  its  axis  till  ihe  ftar  cuts  40  deg.  of  the  quadrant,  eajl 
(,/ tbz  ntiridian,  the  index  will  hav,,  pafTcd  over  14  hours;  conlequently, 
the  ftar  has  40  deg.  of  altitude  c:ift  of  the  nteridian,  14  hours  from  noon 
er  at  two  o’clock  in  the  morning.  Its  aaiinuth  will  be  62^  deg.  from  the 
fouth  towards  the  eoll. 

2.  At  London,  on  the  28th  of  December,  the  ftar  /3  in 
the  Lion’s  tail  was  obferved  to  be  weftward  of  the  meri- 
dian, and  to  have  40  deg.  of  a titude  ; what  hour  was  it 
and  wliat  was  the  ftar’s  azimuth  ? 

Anf-iv'r.  By  turning  the  globe  weftward  on  it.?  axis  till  the  ftar  cuts 
40  dr;g.  ef  the  quadrant,  rjcef.  of  the  meiidi.zn,  the  index  will  have  pr.ffed 
ever  20  hours  ; confequently,  the  ftar  has  40  deg.  of  altitude  weft  oi'  the 
meridian,  20  hours  from  noon,  or  eight  o’clock  in  the  naorning.  Its 
a/imuth  will  be  62^^  deg.  from  the  Ibuth  towards  the  weft. 

3.  At  London,  on  the  i ft  of  September,  the  altitude  of 
Bcnetnach  in  Urfa  Major,  marked  was  obferved  to  be 
36  deg.  above  the  horizon,  and  weft  of  the  meridian  ; what 
hour  was  it,  and  what  was  the  ftar’s  azimuth  ? 

4 On  the  21  ft  of  December  the  altitude  of  Sirius,  when 
weft  of  the  meridian  at  London,  was  obferved  to  be  8 deg. 
above  the  horizon  ; what  hour  was  it,  and  what  was  the 
ftar’s  azimuth  ? 

5.  On  the  1 2th  of  Auguft,  Menkar  in  the  Wha'e’s  jaw, 
marked  «,  was  obferved  to  be  37  deg.  above  the  horizon 


• It  is  neceflary  to  know  on  which  fide  of  the  meridian  the  ftar  is  at 
the  time  of  obfervr.tion,  becaufe  it  will  liave  the  fame  altitude  on  both  fides 
c)f  It.  Any  ftar  m-iy  be  taken  at  pleafure,  but  it  is  belt  to  take  one  not 
too  near  the  meridian,  becaufe  for  feme  lime  before  the  ftar  comes  to  the 
meridian,  and  after  it  has  pafled  it,  the  altitude  varies  very  little. 

O 4 
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of  London,  and  eaftward  of  the  rr.eridian  ; what  hour  was 
it,  asd  what  was  the  ftar’s  azimuth  ? 

Problem  LXXXVI. 

Glvrn  the  latitude  of  a place,  day  of  the  month,  and  hour  oj 

the  day,  to  find  the  altitude  of  any  Jlar,  and  its  azimuth. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place,  and  ferew 
the  quadrant  of  altitude  upon  the  brafs  meridian  over  that 
latitude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brafs  meridian,  and  fet  the  index  of  the  hour  circle  to  1 2 ; 
then,  if  the  given  time  be  before  noon,  turn  the  globe  call- 
ward  on  its  axis  till  the  index  has  paffed  over  as  many 
hours  as  the  time  wants  of  noon  ; if  the  time  be  pall  noon, 
turn  the  globe  weftward  till  the  index  has  pafl'ed  over  as 
rnany  hours  as  the  time  is  paft  noon  : let  the  globe  rell  in 
this  pofitiorr,  and  move  the  quadrant  of  altitude  till  its  gra- 
duated edge  coincides  with  the  centre  of  the  given  ftar  ; 
the  degrees  on  the  quadrant,  from  the  horizon  to  the  ftar, 
will  be  the  altitude  ; and  the  diftance  from  the  nortli  or 
foulh  part  of  the  brafs  meridian  to  the  quadrant,  counted  on 
the  horizon,  will  be  the  azimuth  from  the  north  or  feuth. 

Examples,  i.  What  are  the  altitude  and  azimuth  of 
Capella,  at  P..orae,  when  it  is  five  o’clock  in  the  morning  on 
the  fecond  of  December  ? 

Anfii-er.  '1  he  cltimde  is  41  deg.  58  rain,  and  the  azinimh  60  deg.  50 
inin.lroin  the  north  towards  the  weit. 

2.  P.equircd  the  altitude  and  azimuth  of  Altair  in  Aquila 
on  the  <Sth  of  Oflober,  at  nine  o’clock  in  the  evening,  at 
London  ? 

3.  On  what  point  of  the  compafi  does  the  liar  Aldeba- 
ran  bear  at  the  Cape  of  Good  Hope,  on  the  lifth  of  March, 
at  a quarter  paft  eight  o’clock  in  the  evening  ; and  what  is 
its  altitude  ? 

Anfivsr.  The  azinintii  is  49  deg.  1%  mia.  irorn  the  ncrih,  and  itsalti- 
lude  is  deg.  jo  min. 

4 .  Rc- 
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4.  Required  the  altitude  and  azimuth  of  Acyone  in  the 
Pleiades,  marked  n,  on  the  21ft  of  December,  at  four 
o’clock  in  the  morning  at  London  ? 


Problem  LXXXVII. 

Given  the  latitude  of  a place,  day  of  the  month,  and  azimuth  of 
a Jlar,  to fnd  the  hour  of  the  ni^ht  and  the far's  altitude. 

Rule.  Llevate  the  pole  fo  maiy  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  place,  and  fcrevv  tlfe 
quadrant  of  altitude  upon  the  brafs  meridian  over  that  lati^ 
tude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brafs  meridian,  and  fet  the  index  of  the  hour  circle  to  12  ; 
bring  the  lower  end  of  the  quadrant  of  altitude  to  coincide 
with  the  given  azimuth  on  the  horizon,  and  hold  it  in  that 
pofition  ; turn  the  globe  w'ellward  till  the  given  ftar  comes 
to  the  graduated  edge  of  the  quadrant,  and  the  hours  pafled 
over  by  the  index  will  be  the  time  from  noon  ; the  degrees 
on  the  quadrant,  reckoning  from  the  horizon  to  the  ftar, 
will  be  tlie  altitude. 

Examples^  i.  At  Ixmdon,  on  the  28th  of  December, 
the  azimuth  of  Deneb  in  the  Lion’s  tail,  marked  /3-,  was 
62 1 deg.  from  the  fouth  towards  the  weft  ; what  hour  was 
it,  and  what  was  the  ftar’s  altitude  ? ‘ 

Aitfzrer.  By  turning  the  globe  weftward  on  its  axis  the  index  \vill  pals 
over -20  hours  before  the  flar  intorfedts  the  quadiaut ; tlierefore  the  time 
will  be  20  hours  from  noon,  or  eight  o’clo;k  in  the  morning;  and  die 
liar’s  altiti:d>o  will  be  40  deg. 

2.  At  London,  on  the  5th  of  May,  the  azimuth  of  Cor 
Leonis,  or  Regulus,  marked  a,  was  74  deg.  fro.m  the  fouth 
towards  the  weft  ; required  the  ftar’s  altitude,  and  the  hour 
of  the  night  ? 

3.  On  the  8th  of  Odlober,  the  azimuth  of  the  ftar  marked 
in  the  flioulder  of  Auriga,  was  yo  deg.  from  the  north 

towards  the  eaft  ; required  its  altitude  at  London,  and  the 
hour  of  the  night  ? 

4.  On  the  loth  of  September,  the  azimuth  of  the  ftar 
marked  e in  the  Dolphin,  was  20  deg.  from  the  fouth  to- 

' ■ 05  wards 

» 
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wards  tit?  eaft  ; required  its  altitude  at  London,  and  the 
hour  of  the  night. 


Problem  LXXXVIII. 

Two  J?ars  hetng  given,  the  one  on  the  mericVian,  and  the  other  on 

the  eajl  or  auejlpart  of  the  horizon,  to find  the  latitude  of  the 

place. 

Rule.  Bring  the  ftar  which  was  obfervedto  be  on  the 
meridian,  to  the  brafs  meridian  ; keep  the  globe  from 
turning  on  its  axisj  and  elevate  or  deprefs  the  pole  till  the 
other  ftar  comes  to  the  eaftem  or  weftern  part  of  the  hori- 
zon ; then  the  degrees  from  the  elevated  pole  to  tho 
horizon  will  be  the  latitude. 

Examples,  i.  When  the  two  pointers  of  the  Great 
Bear,  marked  « and  /9,  or  Lubhe  and  /9,  were  on  the  me- 
ridian, I obferved  Vega  in  Lyra  to  be  rifing  j required  the 
latitude  ? 

Anf-wer,  27  deg.  north. 

2.  When  Ardturus  in  Bootes  was  on  the  meridian,  Altair 
In  the  Eagle  was  rifing  ; required  the  latitude  ? 

3.  When  the  ftar  marked  /3  in  Gemini  was  in  the  meri- 
dian, t in  the  (boulder  of  Andromeda  was  fetting  ; required 
the  latitude  ? 

4.  In  w'hat  latitude  are  a and  /9,  or  Sirius  and/3,  in  Canis 
Major  rifing,  when  Algenib,  or  «,  in  Perfeus,  is  on  the 
meridian  ? 


Problem  LXXXIX. 

'The  latitude  of  the  place,  the  day  of  the  month,  and  two  flars 
that  have  the fame  azimuth  *,  being  given,  to  find  the  hour 
of  the  night. 

Rule.  Elevate  tire  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place,  and  fci  ew 

the 


• To  find  what  ftars  have  the  fame  azimuth. — Let  a fmooth  board  of 
about  a foot  in  breadth,  and  three  feet  high  (or  of  any  height  you  plcafe), 

be 
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the  quadrant  of  altitude  upon  the  brafs  meridian  over  that 
latitude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brafs  meridian,  and  fet  the  index  of  the  hour  circle  to  12  ; 
turn  the  globe  on  its  axis  from  eaft  to  weft  till  the  two  given 
liars  coincide  with  the  graduated  edge  of  the  quadrant  of 
altitude  ; the  hours  paffed  over  by  the  index  will  fhew  the 
time  from  noon  ; and  the  common  azimuth  of  the  two  ftars 
will  be  found  on  the  horizon. 

Examples,  i.  At  what  hour,  at  London,  on  the  firft: 
of  May,  will  Altair  in  the  Eagle,  and  Vega  in  the  Harp, 
have  the  fame  azimuth,  and  what  will  that  azimuth  be  ? 

Anf-.vtr.  By  bringing  the  fun’s  pla&e  to  the  meridian,  &c.  and  turning 
the  globe  weftward,  the  index  will  pals  over  15  hours  before  t!ie  Ibirs  coin- 
cide with  the  quadrant;  hence  they  will  have  the  fame  azimuth  at  15 
hours  from  noon,  or  at  three  o’clock  in  the  naoroing;  and  the  .azimuth 
will  be  42-^  deg.  from  the  Ibuth  towards  the  eall. 

2.  On  the  loth  of  September,  what  is  the  hour  at  Lon- 
don when  Deneb  in  Cygnus,  and  Markab  in  Pegafus,  have 
the  fame  azimuth,  and  what  is  the  azimuth  ? 

3.  At  what  hour  on  the  15th  of  April  will  Arfturus  and 

Spica  Virginis  have  the  fame  azimuth  at  London,  and  what 
will  that  azimuth  be  ? / 

4.  On  the  20th  of  February,  what  is  the  hour  at  Edin- 
burgh when  Capella  and  the  Pleiades  have  the  fame  azi- 
muth, and  what  is  the  azimuth  ? 

5.  On  the  21  ft  of  December,  what  is  the  hour  at  Dublin 
when  «,  or  Algenib  in  Perfeus,  and  /3  in  the  Bull’s  Horn, 
have  the  fame  azimuth,  and  what  is  the  azimuth  ? 


be  fixed  perpendicularly  upon  a ftand,  draw  a ftraight  line  through  the 
middle  of  the  board,  parallel  to  the  fides;  fix  a pin  in  the  upper  part  of 
this  line,  and  make  a hole  in  the  board  at  the  lower  part  of  the  line  ; hang 
a thread  with  a plummet  fixed  to  it,  upon  the  pin,  and  let  the  ball  of  the 
plummet  move  freely  in  the  hole  made  in  the  lower  part  of  the  board  : 
let  this  board  upon  a table  in  a window,  or  in  the  open  air.  and  wait  till 
the  plummet  ceafes  to  vibrate ; then  look  along  the  face  of  the  board,  and 
thofc  ftars  which  are  partly  hid  from  your  view  by  the  thread  will  have 
the  fame  azimuth. 
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Problem  XC. 

The  latitude  of  the  place  y the  day  of  the  month,  and  two  flare, 
that  have  the fame  altitude,  being  given,  to  fnd  the  leour  oj 
the  night. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  place,  and  ferew 
the  quadrant  of  altitude  upon  the  brafs  meridian  over  that 
latitude  j find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the 
brafs  meridian,  and  fet  the  index  of  the  hour  circle  to  1 2 ; 
turn  the  globe  on  its  axis  from  eaft  to  w'cft  till  the  two  given 
liars  coincide  with  the  given  altitude  on  the  graduated  edge 
of  the  quadrant  ; the  hours  pafled  over  by  the  index  will  be 
the  time  from  noon  when  the  two  ftars  have  that  altitude. 

' Examples,  i.  At  what  hour  at  London,  on  the  fecond 
of  September,  will  Markab  in  Pegafus,  and  « in  the  head 
of  Andromeda,  have  each  30  deg.  of  altitude  ? 

* Anfiuer.  At  a quarter  pad  eight  in  the  evening. 

2.  At  what  hour  at  London,  on  the  fifth  of  January, 
will  a,  Menkar  in  the  Whale’s  jaw,  and  «,  Aldebaran  in 
Taurus,  have  each  35  deg.  of  altitude  ? 

3.  At  what  hour  at  Edinburgh,  on  the  tenth  of  Novem- 

ber, will  «,  Altair  in  the  body  of  the  Piagle,  and^,  in  the 
tail  of  the  Eagle,  have  each  35  deg.  of  altitude  ? ' 

4.  At  what  hour  at  Dublin,  on  the  fifteenth  of  May,  will 
«,  Benetnach  in  the  Great  Bear’s  tail,  and  y,  in  the  Ihouldcr 
of  Bootes,  have  each  56  deg.  of  altitude  ? 

Problem  XCI. 

The  attitudes  of  tnvoflars  having  the  fame  azimuth,  and  that 
azimuth  being  given,  to  fnd  the  latitude  of  the  place. 

'"Rule.  Place  the  graduated  edge  of  the  quadrant  of 
altitude  over  the  two  ftars,  fo  that  each  ftar  may  be  exadlly 
under  its  given  altitude  on  the  quadrant ; hold  the  quadrant 
this  pofition,  and  elevate  or  deprefs  the  pole  till  the  di- 

vifion 
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vifion  marked  o,  on  the  lower  end  of  the  quadrant,  coin- 
cides with  the  given  azimuth  on  the  horizon  ; when  this 
is  efFefted,  the  elevation  of  the  pole  will  be  the  latitude. 

Examples,  i.  The  altitude  of  Arctunis  was  obfer- 
ved  to  be  40  deg.,  and  that  of  Cor  Caro^i  6S  deg ; their 
common  azimuth  at  the  fame  time  was  71  deg.  from -the 
fouth  towards  the  eafl; ; required  the  latitude  ? 

Anfxver.  ji-J- do“g.  north. 

2 . The  altitude  of  * in  Caftor  was  obferved  to  be  30 
deg  , and  that  of  ^ in  Procyon  20  deg  ; their  common 
azimuth  at  the  fame  time  avas  73^  deg.  from  the  fouth 
towards  the  eaft  ; required  the  latitude  ? 

3 . The  altitude  of  «,  Dubhe,  was  obferved  to  be  40  deg., 
and  that  of  y in  the  back  of  the  Great  Bear  29^  deg.  ; their 
common  azimuth  at  the  fame  time  was  30  deg.  from  the 
north  towards  the  eaft  ; required  the  latitude  i 

4.  The  altitude  of  Vega,  or  a,  in  Lyra  was  obferved  to 
be  70  deg.,  and  that  of  » in  the  head  of  Hercules  39^  deg.  ; 
their  common  azimuth  at  the  fame  time  was  60  deg.  from 
the  fouth  towards  the  weft  ; required  the  latitude  ? 


Problem  XCII. 

The  day  of  the  month  being  given,  and  the  hour  when  any  known 
Jlar  rifes  or  Jets,  to  find  the  latitude  of  the  place. 

Rule.  Find  the  fun’s  place  in  the  ecliptic,  bring  it  to 
the  brafs  meridian,  and,  fet  the  index  of  the  hour  circle  to 
1 2 ; then,  if  the  given  time  be  before  noon,  turn  the  globe 
eaftward  till  the  index  has  pafted  over  as  many  hours  as  the 
time  wants  of  noon  ; but,  if  the  given  time  be  paft  noon, 
turn  the  globe  weftvvard  till  the  index  has  paffed  over  as 
many  hours  as  the  time  is  paft  noon  ; elevate  or  deprefs  the 
pole  till  the  centre  of  the  given  ftar  coincides  with  the  ho- 
rizon ; then  the  elevation  of  the  pole  will  fliew  the  latitude  i 
Examples,  i.  In  what  latitude  does  t,  Mirach,  in 
Bootes  rife  at  half  paft  twelve  o’clock  at  night,  on  the 
tenth  of  December  ? • 

An/wer.  5 1 1 deg.  north, 
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2.  In  what  latitude  does  Cor  Leonis,  or  Regulus,  rife  at 
ten  o’clock  at  night,  on  the  twenty-firft  of  January  ? 

3.  In  what  latitude  does  /3,  Rigel  in  Orion  fet  at  four 
o’clock  in  the  morning,  on  the  twenty-firft  of  December  ? 

4.  In  what  latitude  does  0,  Capricornus,  fet  at  eleven 
o’clock  at  night  on  the  tenth  of  Oftober  ^ 

Problem  XCTII. 

To on  ivhat  day  of  the  year  any  given  Jlar  pajfes  the  me~ 
ridian  at  any  given  hour. 

Rule.  Bring  the  given  ftar  to  the  brafs  meridian,  and 
fet  the  index  to  12  ; then,  if  the  given  time  be  before 
noon  *,  turn  the  globe  weftward  till  the  index  has  palled 
over  as  m^any  hours  as  the  time  wants  of  noon  ; but,  if  the 
given  time  be  pall  noon,  turn  the  globe  eaftward  till  the 
index  has  palled  over  as  many  hours  as  the  time  is  palb 
noon  ; cbferve  that  degree  of  the  ecliptic  which  is  inter- 
fered by  the  graduated  edge  of  the  brafs  meridian,  and  the 
day  of  the  month  anfwering  thereto,  on  the  horizon,  will  be 
the  day  required. 

Examples,  r.  On  what  day  of  the  month  does  Pro- 
cyon  come  to  the  meridian  of  London  at  three  o’clock  ins 
the  morning  ? 

Anfivir.  Here  the  time  is  nine  hours  before  noon;  the  globe  muft 
therefore  be  turned  nine  hours  towards  the  weft,  the  point  of  the  ecliptic- 
interfefted  by  the  brafs  meridian  will  then  be  the  9th  of  , anfwering 
nearly  to  the  firft  of  December. 

2.  On  wliat  day  of  the  month,  and  in  what  month,  does 
“,  Alderainin,  in  Cepheus,  come  to  the  meridian  of  Edin- 
burgh at  ten  o’clock  at  night  ? 

Anfiver.  Here  the  time  is  ten  hours  after  noon  ; the  globe  muft  there 
fore  be  turned  ten  hours  towards  the  eaft,  the  point  of  the  ecliptic  inter- 
fered by  the  brafs  meridian  will  then  be  the  17th  of  njj,  anfwering  to  the 
ninth  of  September. 


* If  the  given  ftar  comes  to  the  meridian  at  neon,  the  fun’s  place  will 
l)e  found  under  the  brafs  meridian,  without  turning  the  globe;  if  the 
g^'en  ftar  comes  to  the  meridian  at  midnight,  the  globe  may  be  turned 
eiJicr  eaftwird  or'  weftward  till  the  index  has  pafted  over  twelve  hours. 

3.  On 
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3.  On  what  day  of  the  month,  and  in  what  month,  does 
(9,  Deneb  in  the  Lion’s  tail,  come  to  the  meridian  of  Dub- 
lin at  nine  o’clock  at  night  ? 

4.  On  what  day  of  the  month,  and  in  what  month,  does 
ArCtunis  in  Bootes  come  to  the  meridian  of  London  at 
noon  ? 

5.  On  what  day  of  the  month,  and  in  what  month,  does 
5 in  the  Great  Bear  come  to  the  meridian  of,  London  at 
midnight  ? 

6.  On  what  day  of  the  month,  and  in  what  month,  does 
1 Aldebaran  come  to  the  meridian  of  Philadelphia  at  five 
' o’clock  in  the  morning  at  London  ? 

Problem  XCIV. 

I The  day  of  the  month  being  given,  to  find  at  what  hour 
any  given  far  comes  to  the  meridian  *. 

Rule.  Find  the  fun’s  place  in  the  ecliptic,  bring  it  to 
the  brafs  meridian,  and  fet  the^index  of  the  hour  circle  to 
, 12}  turn  the  globe  weft  ward  on  its  axis  till  the  given  ftar 
I comes  to  the  brafs  meridian,  and  the  hours  palTed  over  by 
the  index  will  be  the  time  from  noon  when  the  ftar  cul- 
minates. 

Examples,  i.  At  what  hour  does  Cor  Leonis,  or  Re- 
1 gulus  come  to  the  meridian  of  London  on  the  twenty-third 
I-  of  September? 

, Arfvjer.  The  index  will  pafs  over  hours ; hence  this  ftar  culmi- 
|i  nates  or  comes  to  the  meridian  21^  hours  after  noon,  or  at  three  quarters 
I pall  nine  o’clock  in  the  morning. 

2.  At  what  hour  does  Arfturus  come  to  the  meridian  of 
> London  on  the  ninth  of  February  ? 

, Anfwer.  The  index  will  pafs  over  i6-|  hours  j hence  Arflunis  ciil" 
!i  minutes  i6-J-  hours  after  noon,  or  at  half  palt  four  o’clock  in  the  morning, 

3.  Required  the  hours  at  wdtich  tlie  following  liars  come 
|.  to  the  meridian  of  London  on  the  refpe£livc  days  annexed  ? 


* This  problem  is  comprehended  in  Problem  I>XXI. 
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Bellatn'x,  January  9th 
Menkar,  May  i8th. 

£ Draco,  Sept.  22d. 

. « Dubhe,  Dec.  20th. 


/3  Mirach,  October  5th. 
Aldebaran,  February  12th. 
/5  Aries,  November ytli. 

£,  Taurus,  January  24th  ? 


Problem  XCV. 

Cl’ven  the  azimuth  of  a hnoavn Jlar,  the  latitude,  and  the  hour 
to  fndthe  Jlar’f  altitude  and  the  day  of  the  month. 

Rule.  Elevate  the  pole  many  degrees  above  the 
horizon  as  are  equal  to  the  latitude  of  the  given  place,  fcrew 
the  quadrant  of  altitude  upon  the  brafs  meridian  over  that 
latitude,  bring  the  diviHon  marked  o on  the  lower  end  of 
the  quadrant  to  the  given  azimuth  on  the  horizon,  turn 
the  globe  till  the  ftar  coincides  with  the  graduated  edge  of 
the  quadrant,  and  fet  the  index  of  the  hour  circle  to  12  ; 
then,  if  the  given  time  be  before  noon,  turn  the  globe 
weft  ward  till  the  index  has  pa  fled  over  as  many  hours  as 
the  time  wants  of  noon  ; if  the  given  time  be  paft  noon, 
turn  the  globe  eaftward  till  the  index  has  pafled  over  as 
many  hours  as  the  time  is  paft  noon  ; obferve  that  degree 
of  the  ecliptic  which  is  interfedled  by  the  graduated  edge 
of  the  brafs  meridian,  and  the  day  of  the  month  anfwering 
thereto,  on  the  horizon,  will  be  the  day  required. 

Examples,  i.  At  London,  at  ten  o’clock  at  night, 
the  azimuth  of  Spica  Virginis  was  obferved  to  be  40  deg. 
from  the  fouth  towards  the  weft  j required  its  altitude,  and 
the  day  of  the  month  ? 

Anjkver.  The  liar’s  altitude  is  20  deg.  and  the  day  is  the  i8th  of  June, 
The  time  being  ten  hours  paft  noon,  the  globe  mull  be  turned  ten  hours 
towards  the  eaft. 

2.  At  London,  at  four  o’clock  in  the  morning,  the  azi- 
muth of  Arfturus  was  70  deg.  from  the  fouth  towards  the 
weft  ; required  its  altitude,  and  the  day  of  the  month  ? 

Anfivcr.  Here  the  time  wants  eight  hours  of  noon,  therefore  the  globe 
muft  be  turned  eight  hours  weftvvavd  ; the  altitude  <?f  the  ftar  will  be  found 
to  be  40  deg.,  and  the  day  the  12th  of  April, 
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3.  At  Edinburgh,  at  eleven  o’clock  at  night,  the  a:;!- 
muth  of  <t,  Serpentariiis,  or  Ras  Alhagus,  was  60  deg.  from 
the  fouth  towards  the  call ; required  its  altitude)  and  the 
day  of  the  month  ? 

4.  At  Dublin,  at  two  o’clock  in  the  morning,  the  azi- 
muth of  ^ Pegafiis,  or  Scheat,  was  70  deg.  from  the  north 
towards  the  call  ; required  its  altitude,  and  the  day  of  the 
month  ? 


Problem  XCVI. 

7'1'e  altitudes  of  two  Jlars  bein^  given,  to  find  the  latitude  of 

the  place. 

Rule.  Subtraft  each  liar’s  altitude  from  go  deg. ; take 
fuccclTively  the  extent  of  the  number  of  degrees,  contained 
in  each  of  the  remainders,  from  the  equinodlial  with  a pair 
of  compafles  ; with  the  compafles  thus  extended,  place  one 
foot  fucceffively  in  the  centre  of  each  liar,  and  del'cribe  ar- 
ches on  the  globe  with  a black  lead  pencil ; thefe  arches  will 
crofs  each  other  in  the  zenith  ; bring  the  point  of  interfec- 
tion  to  that  part  of  the  brafs  meridian  which  is  numbered 
from  the  equinoAial  towards  the  poles,  and  the  degree  above 
it  will  be  the  latitude. 

Examples,  i.  At  fea,  in  north  latitude,  I obferved 
the  altitude  of  Capella  to  be  30  deg.,  and  that  of  Aldebaran 
35  » '^'hat  latitude  was  I in  r 

Anfimr,  With  an  extent  of  60  deg.  ( rc  90'’ — 30")  taken  from  the 
equinoitial,  and  one  foot  of  the  compaHes  in  the  centre  of  Capella,  dc- 
feribe  an  arch  towards  the  north  ; then  wit!)  35  deg.  (”  90'^ — 
taken  in  a nniiiar  manner,  and  one  foot  of  the  compalfes  in  the  centre  of 
Aldebaran,  deferibe  another  arch,  croflfing  the  former  ; the  point  of  inter- 
fecUon  brought  to  the  br.ifs  meridian  will  Ihew  the  latitude  to  be  zo^  deg. 
north. 

2.  The  alfitude  of  Markab  in  Pegafiis  was  30  deg,  and 
that  of  Altairin  the  Eagle  at  the  fame  time,  was  65  deg.  ; 
what  was  the  latitude,  fnppollug  it  to  be  north  ? 

A-tpu-fr.  19  deg.  north, 


r 
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3.  la  north  latitiTde  the  altiuide  of  Arftim'-s  was  ob- 
ferved  to  be  60  d^'g.,  and  that  of  or  Deueb,  in  theL,ion’s 
tail,  at  the  fame  time,  was  70  deg.  j what  was  the  latitude  ? 

4.  In  north  latitude,  the  altitude  of  Procyon  was  ob- 
ferved'to  be  50  deg.,  and  that  of  Betelguefe  in  Orion,  at 
the  fame  time,  was  58  deg.  y required  the  latitude  of  the 
place  of  obfarvation  ? 

Problem  XCVTI. 

The  meridian  aliitude  of  a hno’wnJLar  keing  given  at  any  place, 
to  fud  the  latitude. 

Rule.  Bring  the  given  ftarto  that  part  of  the  brafs  me- 
ridian which  is  rjumbered  from  tlie  equinoctial  towards  the 
poles  ; count  the  number  of  degrees  in  the  given  altitude, 
on  the  brafs  meridian,  from  the  liar  towards  the  feuth  part 
of  the  horizon,  and  mark  w’here  tlie  reckoning  ends  j ele- 
vate or  deprefs  the  pole  till  this  mark  coincides  with  the 
fouth  point  of  the  horizon,  and  the  elevation  of  tl^e  north 
pole  above  the  north  point  of  the  horizon  will  (hew  the  la- 
titude. 

Examples,  i.  In  what  degree  of  north  latitude  is  th« 
meridian  altitude  cfAldebaran  52§deg.  ? 

Anf-ji-cr.  53  deg.  36  rniji.  north. 

2.  In  what  degree  of  north  latitude  is  the  meridian  alti- 
tude of  /3,  one  of  the  pointers  in  Urfa  Major,  90  deg.  i 

3.  In  what  degree  of  north  latitude  is  y,  in  the  head  of 
Draco,  vertical  when  it  culminates  ? 

4.  In  what  degree  of  north  latitude  is  the  meridian  alti- 
tude cl  f or  Mirach  in  Bootes,  68  deg.  ? 


Pro- 
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Problem  XCVIII. 

The  lahliidt  of  a place,  day  of  the  vtonih,  and  hour  of  the  day 
being  to  find  the  nonagesimal  degree  * of  the' 

ecliptic,  its  altitude  and  aximutb,  and  the  MtDIUi''r 
CacLl. 

Rule.  Rlevate  the  north  pole  to  the  latitude  of  the  giverh 
place,  and  icrew  the  quadrant  of  nltitade  upon  the  brafs 
meridian  over  that  latitude  ; find  the  fun’s  place  in  the 
ecliptic,  bring  it  to  the  brafs  meridian,  and  fetthe  index  of' 
the  hour  circle  to  12  ; then,  if  the  given  time  be  before 
noon,  turn  the  globe  eailward  till  the  index  has  paffed  over 
as  many  hoars  as  the  time  wants  of  noon  ; but,  if  the  given 
time  be  pall  noon,  turn  the  globe  weftward  till  the  index 
has  paiTed  over  as  many  hours  as  the  time  is  paR  nOon,  and 
fix  tlie  globe  in  this  pofition  count  90  deg.  upon  the  eclip- 
tic from  the  horizon  (either  eailvvard  or  wellward),  and 
inai'k  where  the  reckoning  ends,  for  that  ^loint  of  the  eclip- 
tic will  be  the  nonagefimal  degree,  and  the  degree  of  the 
ecliptic  cut  by  the  brafs  meridian  will  be  the  medium  coeli  : 
bring  the  graduated  edge  of  the  quadrant  of  altitude  to 
coincide  with  the  nonagefimal  degree  of  the  ecliptic  thus, 
found,  and  the  number  of  degrees  on  the  quadrant,  counted 
from  the  horizon,  will  be  the  altitude  of  the  nonagefimal  de- 
gree ; the  azimuth  will  be  feen  on  the  horizon. 

Note.  From  the  2 ill  of  December  to  the  21ft  of  June 
the  nonagefimal  degree  of  the.  ecliptic  is  call  of  the  meri- 
dian ; and,  from  the  2 ill  of  June  to  the  2 ill  of  December, 
it  is  well  of  the  meridian. 

Examples,  i.  On  the  2 ill  of  June,  at  forty-five  mi- 
nutes pall  three  o’clock  in  the  afternoon  at  London  re- 


* The  iisnagefimal  degice  of  the  ecliptic  is  that  point  which  is  the  moil 
elevated  ahove  the  horizon , and  is  meal’ured  by  the  angle  which  the  ecliptic 
makes  with  the  horizon  at  any  elevation  of  the  pole  ; pr,  it  is  the  dil- 
tance  between  the  zenith  of  the  place  and  the  pole  of  the  ecliptic.  Th's 
angle  is  frequendv  nfed  in  tlie  calculation  of  folar  eclipl'es.  I'he  medium 
cali,  or  niidhcavei),  is  th^t  point  of  the  ecliptic  vvhieh  is  upon  the  me- 
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quircd  the  point  of  the  ecliptic  which  is  the  nonagcfimal  de--  , 
gree,  its  altitude  and  azimutli,  the  longitude  of  the  mediumi  t 
coeH,  and  its  altitude,  &c.  . j 

Anfuer.  The  nonagcfimal  degree  is  10  deg.  in  Leo,  its  altitude  is  541  S 
deg.,  and  its  azimuth  22  deg.  from  tlie  fomh  towards  the  weft,  or  ne.irlyr  > 
S.  S.  W.  The  mid-heaven,  or  point  of  the  ecliptic  under  the  brafs  meri-.  , 
dian,  is-'24  deg.  in  Leo.  and  its  altitude  above  the  horizon  is  52  deg.  1 he?  | 
degree  of  the  equinoftial  cut  by  the  brafs  meridian,  reckoning  from  the  • 
point  Aries,  is  the  right  afeenfion  of  the  mid-heaven,  whicit  in  this  ex--  ] 
ample  is  146  deg.  The  rifing  point  of  the  ecliptic  will  be  found  to  be  10 
deg.  in  Scorpio,  and  the  fetting  point  lo-dcg.  in  Taurus.  If  the  gra-  j 
duated  edge  of  the  quadrr.nt  be  brought  to  coincide  with  the  fun’s  place,  ^ 
the  fun’s  altitude  will  be  ■found  to  be  39  deg.;  and- his  aiitnuth  78L  deg. 
from  the  fouth  towards  tire  weft,  or  nearly  W.by  S. 

2.  At  London  on  the  24th  of  April,  at  nine  o’clock  in  the 

morning,  required  the  point  of  the  ecliptic  which  is  the 
nonagehmal  degree,  its  altitude  and  azimuth,  the  point  of:  i 
the  ecliptic  -which  is  the  mid-heaven,  &c.  &c.  ? I 

3.  At  Limerick,  in  52  deg.  22  mdn.  north  latitude,  on.  ’ 

the  15th  of  October,  at  five  o’clock  in  the  aftei-noon,  re- 
quired the  point  of  the  ecliptic  which  istlje  nonagefimal  de—  i 
gree,  its  altitude  and  azimuth,  the  point  of  the  ecliptic:  ; 
which  is  the  mid-heaven,  &C.  &c.  ? l 

4.  At  Dublin,  in  latitude  53  deg.  21  min.  north,  on  the* 
15th  of  January,  at  two  o’clock  in  the  afternoon,  required;  1 
the  longitude,  altitude,  and  azimuth,  of  the  nonagefimall 
degree  ; and  the  longitude  and  altitude  of  the  medium  cceli,. 
&c.  Lc.  ? 


Problem  XCIX. 

The  latllude  af  a place,  clay  of  the  month  and  the  hour, 

thcr  ai-i'h  the  altitude  andaziim!thofafar,behigfi’vir.,, 
tofnd  the  far. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  arc  equal  to  the  latitude  ot  the  place  and  ferew  the- 
quadrant  of  altitude  on  the  brafs  meridian  over  that- htr-' 
tude  ; find  the  fun’s  place  in  the  ecliptic,  bring  it  to  the; 
brafs  meridian,  and  fet  the  index  of  the  hour  circle  to  1 2 ; 
then,  if  the  given  time  be  before  noon,  turn  the  globe  eaft-c 

ward 
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ward  till  the  index  has  paffed  over  as  many  hours  as  the 
time  wants  of  noon  ; but,  if  the  time  be  pall  noon,  turn  the 
globe  weftward  till  the  index  has  palfed  over  as  many  hours 
as  the  time  is  .pail  noon  : let  the  globe  reft  in  this  pofition, 
and  bring  the  diviiion  marked  o on  the  quadrant  to  the 
given  azimuth  on  the  horizon  ; then,  immediately  under 
the  given  altitude  on  the  graduated  edge  of  the  quadrant, 
you  will  find  the  liar. 

Examples,  i.  At  London,  on  the  2 i ft  of  December, 
at  four  o’clock  in  the  morning,  the  altitude  of  a liar  was  50 
deg.,  and  its  azimuth  was  37  deg.  from  the  fouth  towards 
the  call  ; required  the  name  of  the  ftar  ? 

Anf-we'.  Deneb,  or  /5  in  the  Lion’s  tail. 

2.  The  altitude  of  a ftar  was  27  deg.,  its  azimuth  765 
deg.  from  the  fouth  towards  the  weft,  at  eleven  o’clock  in 
the  evening  at  London,  on  the  iith  of  May;  what  ftar 
was  it  ? 

3.  At  London,  on  the  21ft  of  December,  at  four  o’clock 
in  the  morning,  the  altitude  of  a ftar  was  8 deg.,  and  its 
azimuth  51  deg.  from  the  fouth  towards  the  weft  ; required 
the  name  of  the  ftar  ? 

I 4.  At  London,  on  the  ift  of  September,  at  nine  o’clock 
in  the  evening,  the  altitude  of  a ftar  was  47  deg.,  and  its 
azimuth  73  deg.  from  the  fouth  towards  the  eaft  ; required, 
the  name  of  the  ftar  ^ 


Problem  C. 

7b  f/'f  time  of  the  moon's  fouthlng,  or  coming  to  the  merl* 
dian  of  an^  place i on  any  given  day  of  the  month. 

Rule.  Elevate  the  pole  fo  many  degrees  above  the  ho- 
rizon as  are  equal  to  the  latitude  of  the  given  place  ; find 
the  moon’s  latitude  and  longitude,  or  her- right  afeenfiou 
and  declination,  from  an  ephemeris,  and  mark  her  place  on 
the  globe  ; bring  the  fun’s  place  to  the  brafs  meridian,  and 
fetthe  index  of  the  hour  circle  to  12  ; turn  the  globe  weft- 
ward  till  the  moon’s  place  comes  to  the  meridian,  and  the 

hours 
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hours  ptiffed  over  "by  the  index  will  (hew  the  time  froiivnoor; 
when  the  moon  will  be  upon  the  meridian. 


Or,  'WlTfiOUT  THE  GLOBE, 

to 

Find  the  moon’s  age  by  the  table,  at  page  249,  which:  ^ 
multiply  by  81  *,  and  cut  off  two  figures  from  the  righ.. 
jiand  of  the  produit,  the  left  hand  figures  will  be  the  hours 
the  right  hand  figures  muft  be  multiplied  by.6o,  for  minutes. 


Or,  correctly,  thus  : 

Take  the  difference  betweeh  the  fun’s  and  moon’s  righ'j 
afeenfion  in  24  hours  ; then,  as  24  hours  diminifhed  by  thi.j 
difference  is  to  24  hours,  fo  is  the  moon’s  right  afeenfion  art 
noon,  diminiflied  by  the  fun’s,  to  the  time  of  the  moon’i’ 
tranfit. 

E-xamples.  I.  At  what  hour,  on  the  12th  of  March 
T805,  did  the  moon  pafs  over  the  meridian  of  Greenwich  1 
The  moon’s  light  afeenfion  being  136  deg.  48  min.,  andhe>. 
declination  14  deg.  40  min.  north. 


t; 
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Arfiver.  By  the  giolc. — The  moon  came  to  the  meridian  at  tlire'r 
^aarrers  paft  nine  in  the  evening  f. 

By  ihe  Table  Page  — The  inoon’s  age  is  13  ; this  multiplied  by  8r : 

p'oduces  1033,  that  is,  10  hours  end  53  ovtr;  this  33,  multiplied  by  1 
60,  produces  3180,  which  by  rejefting  the  two  right  hand  Hgures,  leave; 

51  minutes  ; fo  tlut,  by  this  method,  the  mocn  comes  to  the  meridian  a 
31  minutes  pa'l  IQ  o'clock  in  the  evening. 

By  the  Nautical  Almanac. 

Sun’s  light  afeenfion  at  noon  12th  M;irch  ~ 23I1. 28'  50" 

- - - i3thMarch~23  32  30 


Inci  eafe  cf  motion  in  24  hours 


o 3 40 


* ' For  the'-fynodic  • revoludon  of  the  -moon  being  about  29I  days,  w 
have,  by  the  rule  ofthree,  as  ft94d.  : 24  h.  : : i d.  ; 8i  h. 

t Ihe  time  of  the  moon’s  rLfing  and  letting  may  bo  foimd  as  for  afa 
or  planet,,  fee  Problem- 1./XXI  ; but,  on  account  of  the  moon’s  l\vift’’an 
irregular  rr.ction,  tiie  lolution  will  differ  materially:  fromths  truth. 

‘Moon  - 
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Moon’s  right  afcenfion  at  noon  lath  March  “ 136*  48^  ' 

Ditto  - , - 13th  March  ~ 149  47 

i’.icreafe  in  34hours  - - iz  59  e^ual 

to  51' 56'';  hence  51' 56"  diminifhed  by  3*40'',  leaves  48'  16''  tb* 
jnooa's  motion  exceeds  the  fun’s  in  24  hours. 

Moon’s  right  afcenfion  136''  48'  X 4 ~ * 9’’  7'  iz'* 

Sun’s  right  afcenfion  - - rr  23  23  39 

9 3^  21 

a;*" — (48'  i5")  *.  24'’ : : 9^  3S'  22"  : 9’’  58'  the  trne  time  of  the  moon’s 
pfFage  over  the  meridian  in  the  evening,  agreeing  exactly  with  the  Nau- 
tical Almanac. 

2.  At  what  hour,  on  the  15th  of  April  1805, 

moon  pafs  over  the  meridian  at  Greenwich  ? The  moon’s 
right  afcenfion  being  218  deg.  26  min.,  and  declination  20 
■deg.  fouth. 

3.  At  what  hour,  on  the  5th  of  February  1810,  will 
the  moon  pafs  over  the  meridian  of  Greenwich  ? The 
moon’s  right  afcenfion  being  161  deg.  9 min.,  and  decli- 
nation 4 deg.  48  min.  north  ? 

4.  At  what  hour,  on  the  17th  of  Oflober  1810,  will  the 
moon  pafs  over  the  meridian  of  Greenwich  ? The  moon’s 
right  afcenfion  being  87  deg.  31  min.,  and  declination  18 
ideg.  14  min.  north. 

Problem  CI. 

"The  day  of  the  months  latitude  of  the  place,  and  time  of  high 
avater  dt  the  full  and  change  of  the  moon  being  given,  to 
fnd the  time  cf  high  ivater  on  the  given  day.  ^ 

Rule.  Find  the  time  at  which  the  moon  comes  to  the 
njerldian  of  the  given  place  by  the  preceding  problem,  to 
which  add  the  time  of  high  water  at  the  given  place  at  the 
full  and  change  of  the  moon  (taken  from  the  following 


•*  Wiien  die  fun’s  right  nfeenfion  is  greyer  than  the  moon’s,  as  in 
thiicjwmple,  24  hours  muit  tc  added  to  tlie  moon’s  right  afcenfion  bcfor« 
you  fubtiad . 

Table), 
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Table),  and  the  fum  will  fliew  the  time  of  higjh  water  in 
the  afternoon.  If  the  fum  exceed  r2  hours,  Tubtraft  12 
hours  and  24  minutes  from  it,  and  the  reniainder  will  fhew 
the  time  of  high  \vater  in  the  morning  ; but  if  the  fum  ex- 
ceed 24  hours,  fubtra£I  24  hours  and  48  minutes  from  it, , 
and  the  remainder  will  fhew  the  time  of  high  water  in  the 
afternoon. 

Or,  by  the  table,  page  249. 

Find  the  moon’s  age  by  the  Table,  at  page  249,  and 
take  out  of  the  time  from  the  right  baud  column  thereof,  an- 
fwering  to  the  moon’s  age  ; to  which  add  the  time  of  high  i 
wafer  at  the  full  and  change  of  the  moon  (taken  from  the  ■ 
following  Table),  and  the  fum  will  fhew  the  time  of  high  1 
water  in  the  afternoon.  If  the  fum  exceed  1 2 hours,  fub-  - 
traft  12  hours  and  24  minutes  from  it,  and  the  remainder 
will  fnew  the  time  of  high  water  in  the  morning  ; but,  if : 
the  fum  exceed  24  hours,  fubtradf  24.  hours  and  48  mi-  - 
nutes  from  it,  and  the  remainder  will  fliew'  the  time  of  high 
water  in  the  afternoon. 


Or  thus  ; 

Find  the  time  of  the  moon’s  coming  to  the  meridian  of : 
Greenwich  on  the  given  day,  at  page  VI.  of  the  Nautical ' 
Almanac;  take  out  the  correftion  (from  the  following;  oi 
Table)  to  correfpond  to  this  time,  and  apply  it  as  the  Table  ;; 
direfts  ; to  the  refult  add  the  time  of  high  water  at  the  full  ’ 
and  change  of  the  moon  (taken  from  the  following  Table), , 
and  the  fum  will  fhew  the  time  of  high  water  m the  a> 
ternoon.  If  the  fum  exceed  12  or  24  hours,  proceed  as  ? fc, 
above.  ' 

Examples,  i.  Required  the  time  of  high  water  at  : ^ 
London  Bridge  on  the  12th  of  March  1805  ? The  moon’s  ; ' 
right  afcenfion  at  that  time  being  136  deg.  48  min,,  and  her  r it 
declination  14  deg.  40  ntin.  north.  . , v' 
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Anv/er.  By  ibe  Globe. — The  moon  came  to  the  meridian  at  9'*  45' 
T’itne  of  high  water  at  the  full  and  change  at  London 


Sum 

Subtract!  from.it 


. Time  of  high  water  in  the  morning  4 

By  the  Table  page  249.  The  moon’s  age  was  13,  the  time  anfwering  to 
which,  in  the  fame  Table,  is  . - lo”  53' 

Time  of  high  water  at  the  foil  and  change  - » 3 o 


Sum  - ; J3  53  - ^ 

Subtraft  from  it  ia-24 


o 

IV  45 
iz  24 


O 21 


Time  eA  high  water  in  the  morning  - - i 29 

By  the  Nautical  Almanac. — The  moon  came  to  the  meridian  at  9''  58' 
the  time  from  the  right  hand  Table  following,  anfwering  to  9”  j8', 
or  rather  10  hours,  is  • - - - o 24 


Sum  - • 10  22 

T,ime  of  high  water  at  Ltnidon  at  the  full  and  change  - 30 

Sum  - - 13  22 

Subtradf  from  it  - 1224 

Time  of  high  water  in  the  morning  • - - o 58 


i.  Required  the  time  of  high  water  at  Hull  on  the  i8th 
of  May  1810  ? the  moon’s  right  afeenfion  being  235  deg. 
22  Hiin.and  her  declination  16  deg.  3 min.  fouth. 

3.  Required  the  time  of  high  water  at  Liverpool  on 
the  15  th  of  June  1810  ? The  moon’s  right  afeenfion  being 
224  deg.  2 min.,  and  her  declination  17  deg.  13  min. 
fouth. 


* Here  are  three  methods  of  performing  the  fame  problem,and  there* 
fults  all  differ  from  each  other  : the  laft  is  the  moft  correft : however, 
any  one  if  the  methods  is  as  correct  as  th*fe  which  are  given  in  books  on 
p'ictage  and  navigation- 
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4.  Required  the  time  of  high  water  at  Limerick  cn 
the  1 2th  of  i^uguft  1810  ? The  moon’s  right  afcenfzon  be- 
ing 262  deg.  i8  min  ,.and  her  declination  18  deg.  17  min, 
fouth. 

c.  Required  the  time  of  high  water  at  Briftol  on  the 
firft  of  September  1810?  The  moon’s  right  afcenfion  be- 
ing 191  deg.  25  min.,  and  her  declination  4 deg.  16  min. 
"•-fouth. 

6.  Required  the  time  of  high  water  at  Dublin  on  the 
5th  ofDecember  1810  ? The  moon’s  right  afcenfion  being 
13  deg.  44  min.,  and  her  declination  4 deg.  48  min. 
north. 
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1 A TABLE 

1 Of  the  Time  of  High  Water  at  New  and  Full  Moon 
at  the  principal  Places  in  the  Britifh  Iflaiids. 

<4 

0 .2 
5 

£ ■* 

ii 

3 5 

Aberdeen 

o”  as' 

Fifenefs  - 

a«o' 

JZ  c 

s *6 
0 

Ayr 

lo  30 

Flamborough  Head 

3 40 

Aldborough 

9 40 

N.  and  S.  Foreland 

10  ao 

£ii 

ii  t 

St.  Andrew’s 

a 0 

Fortrol'e 

• 

XI  40 

0 

ZJ 

Arran  Ifland 
Bamborough 

It  0 

3 30 
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- 

6 45 
5 40 

i 

Banff 

0 0 

Galway 

- 

3 0 

Beachy  Head 

10  0 

Fort  George 

• 

IX  40 

X 

X 

St.  Bees  Head 
Belfad 

10  45 
10  0 

Fort  Glafgow 
Gravefend 

- 

IX  30 
X 30 

Sub. 

Bembridge  Point 

xo  IS 

Greenock 

• 

XI  30 

0 

0 0 

Berwick 

a 30 

Hartland  Point 

4 ^ 

I 

0 I 

North  Berw'ick 

z 0 

Haitlepool 

- 

3 0 

a 

0 34 

St.  Bride’s  Bay 

6 0 

Harwich 

• 

II  10 

3 

0 50 

Bridlington  Bay 

3 50 

Holyhead 

9 45 

4 

I 3 

Bridport 

6 45 

Hull  - 

- 

6 0 

5 

^ 9 

Brighton 

9 50 

Kinfale  - 

> 

5 X5 

6 

* 3 

Briftol 

6 40 

Leith  - 

- 

a 30 

7 

0 35 

Caithnefi  Point 
Cantirc,  Mull, 

9 0 
xo  30 

Limerick  - 
Liverpool 

- 

4 30 

XX  IS 

Add 

Cape  Clear 

4 30 

London 

. 

3 0 

8 

0 a 

Cork 

6 30 

Milford 

• 

5 X5 

9 

0 23 

Cowes 

10  30 

Newcaftle 

• 

3 15 

xo 

0 2a 

Cromartie 

XI  40 

Orfordnefs 

- 

9 45 

II 

0 14 
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7 0 

Plymouth 

. 

6'  0 

la 

0 0 

Cullen 

Dartmouth 

0 0 
6 30 

Portland 

Ramfgate 

; 

7 30 
xo  30 
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Dingle  Bay 
Dover 

3 30 

Rocheiler 

• 

0 45 

13 

0 17 

XX  30 

Sandwich 

. 

XX  30 

X4 

® 34 

Dublin 

9 *5 

, Scarborough 

- 

3 45 

15 

0 50 

Dunbar 

a 30 

‘ Sligo 

. 

5 30 

16 

I 3 

Dunbarton 

XI  15 

Southampton 

0 0 

X7 

I 9 

Dundee 

2 10 

Stockton 

* 

3 3® 

x8 

3 

Dungarvon 

4 30 

Swanlea 

6 0 

0 35 

Dungenefs 

Eddyftone 

9 45 
5 30 

Tyngmouth 
Torbay  - 

• 

3 ® 

c 15 

Add. 

Edinburgh 

a ao 

Weymouth 

- 

7 ao 

20 

0 2 

Exeter 

' to  30 

Whitby  • 

• 

3 

51  1 

0 23 

Exmouth  Bar 

6 ao 

Whitehaven 

XX  IS 

aa 

0 24 

Falmouth 

5 30 

Yarmouth 

• 

9 ® 

53 

0 14 

Fern  Ifland 

3 30  1 

24 

0,  C 
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Problem  CII. 

Xo  defcrlhe  the  apparent  path  of  any  planett  or  of  a comets 
amongfl  the  fixed flars^  Cff  c. 

Draw  a ftraight  line  O,  O,  to  reprefent  the  ecliptic, 
and  divide  it  into  any  convenient  number  of  equal  parts. 
Set  off  eight  of  thofe -equal  parts  northward  and  louthward 
of  the  ecliptic,  at  each  end  thereof ; and  draw  lines  as  in 
the  figure  Plate  V,  thefe  will  reprefent  the  zodiac.  Find 
the  planet’s  geocentric  latitude  and  longitude  in  an  epheme- 
ris,  or  in  the  nautical  almanac,  and  mark  its  place  for  every 
montji,  or  for  feveraU  days  in  each  month,  beginning  at  the 
right  hand  of  the  ecliptic  line,  and  proceeding  towards  the 
left  *: 

Find  the  latitudes  and  longitudes  -j-  of  the  principal  ftars 
in  the-feve]pil  conftellations  near  which  the  planet  pafles,  and 
fet  thenroff  in  a fimilar  manner  from  the  right-hand  towards  . 
the  left  you  will  thus  have  a complete  pidlure  of  any  part 
of  the  heaYcns  with  the  pofitions  of  the  feveral  ftars,  &c. 
they  appear  to  a fpedtator  on  the  earth- 
Example,  Delineate,  the  path,  of  the  planet  dupiterj 
for  the  year  i8ii;  the  latitudes  and  longitudes -being  as- 
follow. 


• -Th«  young  Student  w ill  recollect,  th.it  the.  2ars  appear  4n  a .rorte ' 
trary  ordei  in  the  heavers  to  svliat  they  dp  on  the  liniace  of  nigkit>ie. 
In  tne  heavens  we.fee  the  concave- patu,  on-  the  gVjfce  tire  convex,  't  his- 
r^annerof  delineating  the,  dais  tyll  be  tvtind -extreniely.  tifefi  l,  and  v ill 
enable  the  Itudent)  to  know  theif  names  and  places  Iboner  then  by  the 
giobe. 

f The  places  of  the  ftars  may  lilvewifebe  laid  down  by  their  right  r af- 
repfions  and  declinations,  by  d^ing,a  portion  of  the  ecjuincxFlial  inftcad 
of  the  ecHune. 
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Longitudes.  Latitudes.  I..ongitudes.  Latitudes. 


Jan.  ift  i’2i<>45’  0’57'S. 
Feb.  7th  I 22  1 1 o 47  S. 

25th  I 23  58  o 43  S. 

March  id  I 24  29  o 42  S. 

25th  I 28  16  o 37  S. 

April  I ft  ' 1 29  35  o 36  S. 

25th  2 430  o 32  S. 

May  I ft  2 5 49  o 31  S. 

13th  2 831  0 30  S. 

25th  21117  o 29  S 

June  I ft  2 12  54  o 28  S. 

25th  2 18  27  o 26  S. 

July  7th  2 21  49  o 25  S. 


July  25  th  2 

25®  l' 

0''2'4-'l. 

Aug.  7th  2 

2736 

0 23  S. 

19th  2 

29  48 

0 22  S. 

27th  3 

0 48 

0 22  s. 

1 Sept.  7th  3 

2 45 

0 21  S. 

; 3 

4 50 

0 21  S. 

;Oa.7th  3 

5 44 

0 20 

; — 25*3 

6 15 

0 19  s. 

' Nov.  ill,  3 

6 10 

0 18  s. 

19th  3 

5 12 

0 I7  S, 

r 25th  3 

440 

0 16  s. 

; Dec.  I 3th  3 

2 H 

0 14  S. 

! 25th  3 

0 57 

0 12  S. 

Jupiter’s  path,  when  delineated,  will  appear  fouth  of  the 
ecliptic  in  the  order  A,  B,  C,  I),  E,  F,  G,  H.  The 
planet  will  be  at  G on  the'25th  of  Auguft,  and  will  appear  a 
little  to  the  right  hand  of  the  liar  marl^ed  yj  in  Gemini ; when 
h arrives  at  H,  whith  will  happen  on  the  25th  of  Oclober, 
it  will  apparently  return  again  to  G,  a fmall  matter  above 
its  former  path,  where  it  will  be  lituated  on  the  25th 
December. 

In  the  fame  manner  the  places  and  fituations  of  the  ftars 
may  be  delineated,  thus  Aldebaran,  the  principal  ftar  ip 
the  Hyades,  will  be  found  by  the  Globe,  for  a proper  ta- 
ble) to  be  fituatodin  7°  of  u and  in  5^°  of  iouth  latitude-; 
Betelgeux  in  Orion’s  right  flioulder,  in  about  26’  of  a and 
in  16!  of  fouth  latitude,  and  its  place  may  be  laid  down  on  a 
map  by  extending  the  line  of  Its  longitude,  as  from  L,  till  it 
meets  a ftraightline  pafiing  through  x6,  16,  on  the  fidesof 
the  map.  In  the  fame  jnanner  any  other  ftar’s  fituatioui, 
.may  be  deferibeti,  thusAlic  Hyades  will  appear  at  Q,  \the 
Pleiades  at  P &c.  and  BcHatris;  5cc.  a?  in.thp  ligure. 

■ * 
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w.T. ! - < PART  IV. 

. "t.  r CONTAINING 

r.  A propitfcuous  CoUt^on  of  Examples  exerciftng  the  Pro- 
Uems  on  the  globes.— -2.  A colle^ion  of  QxuJli'jns f^nvith  Re- 
ferences  to  the  Pagej  •where  the  A’nf'-j.'trsr.o'ill  be  found  ; de- 
Jigned  as  an  AJfiJiant  to  the  Tutor  in  the  Examinati'm  of  the 
••  Scholar. — A Table  of  the  1 .aUtudcs  and  Longitudes  of 
- the  Principal  Places  in  the  tP orl'd. 


Chaptsr 

A promifeuous  ColleSion  of  Examples  exercifng  phe  ProlUms 

on  the  Globes. 

1 .TT  r H AT  day  of  the  year  is  of  the  fame  length  as  the 
VV  14th  of  Auguft  ? 

2 . How  many  miles  make  a degree  of  longitude  in  the 
'latitude  of  Lifbon  ? 

3.  At  what  hour  is  the  fun  due  eaft  at  London  on  the 
■ 5 In  of  May  ? 

4.  There  is  a place  in  the  parallel  of  31  deg.  of  north  la- 
titude, which  is  3 1 deg.  diftant  from  London  j \vhat  place 
‘is  it  ? 

5.  If  the  fun’s  meridian  altitude  at  London  be  30  deg., 
what  day  of  the  month,  and  what  month  is  it  ? 

6 On  what  month  and  day  is  the  fun’s  meridian  altitude 
at  Paris  equal  to  the  latitude  of  Paris  i 

7 . When  y Draconis  Is  vertical  to  the  inhabitants  of  Lon- 
don at  ten  o’clock  at  night,  what  day  of  the  month,  and 
what  month  is  it  ? 

d What  is  the  equation  of  time  dependant  on  the  obli- 
qu  ly  of  the  ecliptic  on  the  14th  of  July  ? 


9 I ob- 
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9.  I obferved  the  pointers  in  the  Great  Bear,  on  the  ihe- 
ridian  of  London,  at  eleven  o’clock  at  night  ; in  what  month 
and  on  what  night  did  this  happen  ? 

10.  On  what  day  of  the  month,  and  in  what  month,  will 
the  fhadow  of  a cane  placed  perpendicular  to  the  horizon 
of  London,  at  ten  o’clock  in  the  morning,  be  exactly  equal 
in  length  to  the  cane  ? 

1 1.  The  earth  goes  round  the  fun  in  365  days  6 hours 
nearly  ; how  many  degrees  does  it  move  in  one  day,  at  a 
medium  ? Or,  what  is  the  daily  apparent  mean  motion  jOt 
the  fun  ? 

12.  The  moon  goes  once  round  her  orbit,  from  the  firft 
point  of  the  fign  Aries  to  the  fame  again,  in  27  days  7 
hours  43  minutes  5 feconds  ; what  is  her  mean  motion  ia 
one  day  ? 

13.  The  moon  turns  round  her  axis,  from  the  fun  to  the 
fun  again,  in  29  days  12  hours  44  minutes  3 feconds,  which 
is  exactly  the  time  that  Ihe  takes  to  go  round  her  orbit 
from  new  moon  to  new  moon  ; at  what  rate  per  hour  are 
the  inhabitants  (if  any)  of  her  equatorial  parts  carried /rr 
hour  by  this  rotation  ? The  moon’s  diameter  being  2144 
miles.  . 

14.  How  many  degrees  does  the  motion  of  the  moon  ex- 
ceed the  apparent  motion  of  the  fun  in  24  hours  ? 

15.  The  day  of  the  mouth  being  given,  it  is  required  to 
find  the  moon’s  longitude  when  fhe  is  eight  days  old  ? 

16.  Travelling  in  an  unknown  latitudel  found,  by  chance 
an  old  horizontal  dial  ; the  hour-lines  of  which  -v^’cre  fo  de- 
faced by  time  that  I could  only  difcover  thol'e  *of  IV  and 
V,  and  found  their  diftance  to  be  exafUy  21  deg.;  pniy 
what  latitude  was  the  dial  made  for  ? 

17.  Required  the  duration, of  twilight  at  the  fouthpolf  ? 

18.  How  far  muft  an  inhabitant  of  I>jndo,H  travel  I’outh- 

ward  to  lole  fight  of  Aldebaran  ? 1 • ’ . . 

19.  What  is  the  elevation  of  the  north  polar  flur  abov^ 

the  horizon  of  Calcutta  ? , , < 

20.  Lord  Nelfon  beat  the  French  fleet  near  latitude  31 

deg.  II  min.  north,  longitude  30  deg.  22  min.  eall  ;,po;nt 
Ov-t  the  place  on  the  globe  ? i ^ • . • . ; , 

p 4 21.  What 
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21.  What  is  the  fun’s  altitude  at  three  o’clock  in  the 
afternoon  at  Philadelphia  on  the  7th  of  May  ? 

22.  What  is  the  length  of  the  day  at  London  on  the  26th 
of  July,  and  how  many  degrees  muft  the  fun’s  declination 
be  diminilhed  to  make  the  day  an  hour  Ihorter  ? 

23.  At  what  hour  does  the  fun  firft  make  his  appearance 
at  Petcrfburg  on  the  4th  of  June  ? 

24.  /it  what  rate  per  hour  are  the  inhabitants  of  Botany 
Bay  carried  from  weft  to  eaft  by  the  rotation  of  the  earth 
on  its  axis  ? 

25.  When  Arfturus  is  30  deg.  above  the  horizon  of 
London,  and  eaftward  of  the  meridian,  on  the  5th  of  No- 
vember, what  o’clock  is  it  ? 

26.  Defcribe  an  horizontal  dial  for  the  latitude  of 
Wafhington  ? 

.27-.  Defcribe  a vertical  dial  facing  the  fouth,  for  the  lati- 
tude of  Edinburgh  ? 

28.  What  is  the  moon’s  greateft  altitude  to  the  inhabi- 
tants of  Dublin  } 

29.  What  is  the  fun’s  greateft  meridian  altitude  at  the 
fouthern  extremity  of  Patagonia  ? 

30.  At  what  hour  at  London,  on  the  15th  of  Auguft, 
will  the  Pleiades  be  on  the  meridian  of  Philadelphia  ? 

31.  If  a comet,  w’hofe  longitude  was  4 figns  5 deg.,  and 
latitude  44  deg.  north,  appeared  in  Urfa  Major,  in  nrhat 
part  of  the  conftellation  was  it  ? 

32.  On  what  point  of  the  compafs  does  the  fun  fet  at' 
Madrid,  when  conftant  twilight  begins  at  London  ? 

33.  What  is  the  difference  between  the  duration  of  twi- 
light at  Peterlburg  and  Calcutta,  on  the  firft  of  February  ? 

34.  How  much  longer  is  the  loth  of  December  at  Ma- 
dras than  at  Archangel  ? 

35.  How  much  longer  is  the  5th  of  May  at  Archangel 
than  at  Madras  ? 

36.  When  it  Is  two  o’clock  in  the  afternoon  at  London, 
on'inC  15th  of  February,  to  what  places  is  the  fun  riftng 
and  lotting,  and  where  is  it  noon  ? 

37.  Whether  does  the  fun  {bine  over  the  north  or  fouth 
pole  on  the  17th  of  April,  and  how  far  ? 


38.  At 
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38.  At  what  hour  on  the  i8th  of  April  will  the  fun’s  al- 
titude and  azimuth,  from  the  eaft  towards  the  fouth,  be  ao 
deg.  at  London  ? 

39,  Which  way  muft  a (hip  fteer  from  Rio  Janeiro  to  the 
Cape  of  Good  Hope  ? 

+0.  Are  the  clocks  at  Philadelphia  fafter  or  flower  than 
thofe  at  London,  and  how  much  ? 

41 . Are  the  clocks  at  Calcutta  fafter  or  flower  than  the 
clocks  at  London,  and  how  much  ? 

42 . What  is  the  difference  of  latitude  between  Copen- 
hagen and  Venice  ^ 

43.  There  is  a place  in  latitude  31  deg.  ii  min.  north,, 
fttuated,  by  as  angle  of  poiition,  fouth  eaft  by  eaft  ^ eaft 
from  London  ; what  place  is  that,  and  how  far  is  it  from 
London  in  Englifh  miles  ? 

44.  On  the  13th  of  February  1810,  the  longitude  of 
Venus  will  be  10  figns  16  deg.  49  min.,  latitude  i deg.  9 
min.  fouth  ; will  Venus  rife  before  or  after  the  fun,  and 
how  much  ? 

45.  On  the  7th  of  December  i8ro,  the . longitude  of 
Venus  will  be  9 figns  14  deg.  32  r»iin.,  latitude  i deg.  42 
min.  fouth.;  will  Venus  rife  before  or  after  the  fun,  and 
how  much  ? 

46.  On  the  19th  of  Oftober  1810,  the  longitude  of  the 
planet  Jupiter  will  be  2 figns  o deg.  3 min.,  latitude  1 deg, 
•7  . min.  fouth  ; at  what  hour  will  he  rife,  come  to  the  me- 

rWian,  and  fet  at  London  ? 

*;47.  On  the  7th  of  January  1810,  the  moon’s  longitude 
at  midnight  will  be  to  figns  20  deg,  13  min.,  latitude  4 deg. 
18  min.  north  ; required  her  rifing  amplitude  at  l,ondon, 
and  the  hour  and  azimuth,  when  Ihe  is  30.deg..above  the 
horizon  ? 

48.  The  moon’s  longitude  on  the  5th  ofNovember  1810, 
iat  midnight  will  be  1 1 figns  6 deg.  24  min.,  latitude  2 deg. 

30  min.  north  ; required  the  time  of  her  rifing,  coming  to 
the  meridian,  and  fet  ting  at  London,  and  the  time  of  high 
water  at  London  Eridge  ? 

49.  To  what_places  t>f  the  earth  will  the  moon- be  vertical 
on  the  ift  of  January  i^Sio,  her  longitude  being  7 figns  19 

;'c4eg^47  min,,  and  latitude  i deg,  54  min.  north  ? 

50.  On  the  ift  of  March  1810,  the  moon’s  afcending 
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node  will  be  6 figns  1 6 deg.  42  min. ; where  will  the  defcen« 
ding  node  be  ? 

51.  The  moon’s  declination  on  the  5th  of  November 
18 1 1 will  be  17  deg.  50  min,  north  ; to  what  places  of  the 
earth  will  fhc  be  vertical  ? 

52.  What  ftars  are  conftantly  above  the  horizon  of  Co- 
penhagen ? 

53.  I obferved  the  altitude  of  Betelguefe  to  be  19  deg, 
and  that  of  Aldebaran  40  deg.  ; they  both  appeared  in  the 
fame  azimuth,  viz.  exadily  eall ; what  latitude  was  I in  ? 

54.  In  what  latitude  is  Aldebaran  on  the  meridian  whea 
^ in  the  Lion’s  tail  is  rifing  ? 

55.  In  what  latitude  is  Rigel  fetting  when  Regulus  is  on 
the  meridian  ? 

56.  In  what  latitude  are  the  pointers  in  the  Great  Bear 
»n  the  meridian  when  Vega  is  rifing  ? 

57.  In  latitude.  79  deg.  north,  on  the  i ft  of  February,  at 
whiit  hour  will  Procyon  and  Regulus  have  the  fame  altitude  ? 

1^8;  At  what  hour  on  the  loth  of  February  will  Capellai 
and  Procyon  have  the  fame  azimuth  at  London  ? 

J9.  On  the  loth  of  November  at  eight  o’clock  in  the* 
evening,  Bellatrix  in  the  left  Ihoulder  of  Orion  was  rifing  ; ; 
what  was  the  latitude  of  the  place  ? 

60.  On  the’  1 6th  of  February,  Arfturus  rofe  at  eight  t 
o’clock  in  the  evening  ; what  was  the  latitude  ? 

61 . At  what 'hour  of  the  night,  on  the  1 6th  of  February, , 
will  the  altitude  of  Regulus  be  28  deg.  at  London  ? 

62.  Required  the  altitude  and  azimuth  of  MarkA  im 
Pegafus,  at  London,  on  the  21ft  of  September,  at  nine; 
o’clock  in  the  evening  ? 

63.  On  what  day  of  the  month,  and  in  w’hat  month,  will 

the  pointers  of  the  Great  Bear  be  on  the  meridian  of  Lon- 
don at  midnight  ? , 

64.  What  inhabitants  of  the  earth  have  the  greateft  por- 
tion of  moon  light  ? 

65.  On  what  day  of  the  year  will  Altair,  in  the  Eagle, , 
come  to  the  meridian  of  London  wdth  the  fun  ? 

66.  In  what  latitude  north  is  the  length  of  the  longeftl 
day  eleven  times  that  of  the  fhorteft  ? 

67  In  what  latitude  fouth  is  the  longeft  day  eighteent 
hour?  ? 

68.  Act 
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63-  At  what  time  does  the  morn.'ng  twilight  begin,  and 
at  what  time  does  the  evening  twilight  end  at  Philadelphia, 
on  the  15th  of  January  ? 

69.  \Vhen  it  is  four  o’clock  in  the  afternoon  at  Londoqi^ 
on  the  4th  of  June,  where  is  it  twilight  ? 

70.  Required  the  antipodes  of  Cape  Horn  ? 

7 1 . Required  the  perioeci  of  Philadelphia  ? 

72.  Required  the  antoeciof  the  Sandwich  Iflands  ? 

73.  What  is  the  angle  of  pofition  between  London  and 
Jerufalem  ? 

74.  Required  the  diftance  between  London  and  Alexan- 
dria, in  Englifli  and  in  geographical  miles  ? 

7?.  In  w^at  latitude  north  does  the  fun  begin  to  (hine 
conftantly  on  the  loth  of  April  ? 

76.  How  long  does  the  fun  ftiine  w'ithout  fetting  at  the 
north  pole,  and  w'hat  is  the  duration  of  dark  night  ? 

77.  Where  is  the  fun  vertical  when  it  is  midnight  at 
Dublin  on  the  15th  of  July  ? 

78.  When  it  is  five  o’clock  in  the  evening  at  Philadel- 
phia, where  is  it  midnight,  and  where  is  it  noon  ? 

79.  What  places  have  the  fame  hours  of  the  day  as  Edin- 
burgh ? 

bo.  What  places  have  oppoCte  hours  to  the  refpec* 
tive  capitals  of  Europe  ? 

8 1 . At  what  hour  at  London  is  the  fun  due  eaft  at  the 
time  of  the  equinoxes  ? 

82.  At  what  hour  at  London  is  the  fun  due  eaft  at  the 
timeof  the  folttices  ? 

83.  In  w'hat  climates  are  the  following  places  fituated, 
viz.  Philadelphia,  Madrid,  Drontheim,  Trincomale,  Cal- 
cutta, and  Aftracan  ? 

84.  On  what  day  of  the  year  does  Regulus  rife  heliacally 
at  London  ? 

85.  On  what  day  of  the  year  does  Betelguefe  fet  helia- 
cally at  London  ? ' ■ 

86.  What  ftars  fet  achronically  at  London  on  the  24th 
of  December  ? 

87.  What  ftars  rife  achronically  at  London  on  the  12th 
of  December  ? 

? 6 88.  In 
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88.  In  what  latitude  north  do  the  bright  liars  in  the  head 
of  the  Dolpliin,  and  Altair  in  the  Eagle,  rife  at  the  fame 
hour  ? 

89.  In  what  latitude  north  do  Capella  and  Callor  fet  at 
the  fame  hour,  and  what  is  the  difference  of  time  between 
their  coming  to  the  meridian  ? 

90.  What  ftars  rife  cofmically  at  London  on  the  7th  of 
December  ? 

9i.iWhat  liars  fet  cofmically  at  London  on  the  loth 
of  December  ? 

02.  What  degrees  of  the  ecliptic  and  equinodlial  rife  with 
AWebaran  at  London  ? 

93.  On  what  day  of  the  year  does  Ardlurus  come  to  the 
meridian  of  London,  at  two  o’clock  in  the  morning  i 

' 94.  On  what  day  of  the  year  does  Regulus  come  to  the 
meridian  of  London,  at  nine  o’clock  in  the  evening  ? 

95.  At  what  time  does  Vega  in  Lyra,  come  to  the  me- 
ridian of  London,  on  the  18th  of  Augull  ? 

96.  Trace  out  the  Galaxy  or  milky -way  on  the  celellial 
globe  ? 

97.  If  the  meridian  altitude  of  the  fun  on  the  7th  of  June 
be  50  deg.,  what  is  the  latitude  of  the  place  ? 

98.  Required  the  fun’s  right  and  oblique  afcenfion  at 
London  at  the  equinoxes  ? 

99.  Required  the  fun’s  right  afcenfion,  oblique  afcenfion, 
afceiifional  difference,  and  time  of  rifing  and  fettiug  at  Lon- 

•don,  on  the  5th  of  May  ? 

ICO.  If  the  fun’s  rifing  amplitude  on  the  7th  of  June  be, 
34  deg.  to  the  northward  of  the  call,  what  is  the  latitude 
of  the  place  ? 

loi.  What  flars  have  the  following  degrees  of  right  af- 
cenfions  and  declinations  ? 

7'^  to'  R.A.  29°  45' D.N.;  162®  49'R.A.62®5o'D.N. 


H 

«35 


38 

59 


R.A. 

R.A 


34 

3 


45 

33 
to  D N. 


D.N.rl 


244  17  R.A.  25  58  D.S. 
238  27  R.A.  19  15  D.S; 


102.  Dtfcribe  an  horizontal  fun-dial  for  the  latitude  of 
Edinburgh  ? 

103.  What  is  the  length  of  the  day  on  February  14  at 
London,  and  how  much  mull  the  fun’s  declination  increafe 
4o  make  the  day  an  hour  loixgw  ? 


104.  What 
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104.  What  hour  is  it  at  London  when  it  is  17  minutes 
pail  in  the  evening  at  Jerufalcm  ? 

105.  Onthe2iftof  June,  the  fun’s  altitude  was  obfer- 
ved  to  be  46  deg.  25  min.,  and  his  azimuth  112  deg.  59 
min.  from  the  north  towards  the  eaft,  at  London  ; what 
was  the  hour  of  tiie  day  ? 

106.  Given  the  fun’s  declination  17  deg.  6 min.  north, 
and  increaling  ; to  Hnd  the  fun’s  longitude,  right  afcenfion, 
and  the  angle  formed  between  the  ecliptic  and  the  meridian 
palling  through  the  fun  ? 

107.  Given  the  fun’s  right  afcenfion  134  deg.  54  mih. 
to  find  his  longitude,  declination,  and  the  angle  formed 
between  the  ecliptic  and  the  meridian  palling  through  the 
fun  ? 

108.  Given  the  fun’s  longitude  17  deg.  34  min.  in-  y j 
to  find  his  declination,  right  afcenfion,  and  the  angle  formed 
between  the  ecliptic  and  the  meridian  palling  through  the 
fun  ? 

109.  Given  the  fun’s  amplitude  39  deg.  50  min.  from 
the  call  towards  the  north,  and  his  declination  23^  deg. 
north  ; to  find  the  latitude  of  the  place,  the  time  of  the 
fun’s  rifing  and  fetting,  and  the  length  of  the  day  and 
night  ? 

no.  At  what  time,  on  the  fu  ll  of  April,  will  Arfturas 
appear  upon  the  6 o’clock  hour-line  at  London,  and  what 
will  his  altitude  and  azimuth  be  at  that  time  ? 

111.  Required  the  altitude  of  the  fun,  and  the  hour  he 
will  appear  due  eaft  at  London,  on  the  20th  of  May  ? 

1 1 2 . At  what  hours  will  Arft urns  appear  due  eaft  and 
weft  at  London,  on  the  2d  of  April,  and  what  Will  its  al- 


titude he  ? 

1 13.  At  London,  the  fun’s  altitude  w'as  obferved  to  be 
2 j deg.  30  min.  when  on  the  prime  vertical ; required  his 
declination  and  the  hour  of  the  day  ? 

114.  On  the  2d  of  April  1811,  the  moon’s  right  afert- 
fion  at  midnight  wll  be  128  de'g.  2 min.,  and  her  dcelinJition 
14  deg.  43  min,  north  ; required  her  diftaace  from  Rt- 
gulus,  Procyon,  and  Betelguefc,  at  that  time  ? 

1 15.  The 
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115.  The  di (lance  of  a comet  from  Sirius  was  obferved 
to  be  66  deg,  and  from  Procyon  51  deg  6 min  ; the 
comet  was  welhvard  of  Sirius  ; required  its  latitude  and 
longitude  ? 

ii6  On  the  29th  of  January,  in  htitude  53  deg  24 
min.  north,  andlongitude  25  deg.  18  min.  well,  at  14  hours 
58  min.  by  a watch  well  regulated;  the  altitude  of  Pro-  ' 
cyon  was  19  deg.  54  min.,  and  that  of  Alphacca  was  42 
deg.  9 min  , as  obferved  by  two  feparate  perfons  ; Al- 
phacca was  on  the  eaft,  and  Procj  on  on  the  weft  of  the 
-meridian  ; was  the  watch  too  fall  or  too  flow  ? 

117.  The  declination  of  y in  the  head  of  Draco  is  51 
deg.  31  min.  north  ; to  what  places  will  it  be  vertical  when 
it  comes  to  their  refpedlive  meridians  ? 

' 118.  When  it  is  four  o’clock  in  the  evening  at  London 
on  the  4th  of  May,  to  what  places  is  the  fun  riling  and  fet- 
ting,  where  is  it  noon  and  midnight,  and  to  what  place  is 
the  fun  vertical  ? 

119.  At  what  time  does  the  fun  rife  and  fet  at  the  North 
Cape,  on  the  north  of  Lapland,  on  the  5th  of  April,  and 
v^hat  is  the  length  of  the  day  and  night  i 

120.  At  what  time  does  the  fun  rife  at  the  Shetland 
Iflands  when  it  fets  at  four  o’clock  in  the  afternoon  at  Cape 
Horn  ? 

1 21.  Walking  in  Kenfington  Gardens  on  the  17th  of 
May,  it  was  twelve  o’clock  bv  the  fun-dial  and  wanted 
eight  minutes  to  twelve  by  my  watch  ; was  my  watch  right  ? 

1 22.  If  the  fun  fet  at  nine  o’clock,  at  what  time  does  it 
rife,  and  what  is  the  length  of  the  day  and  night  ? 

123.  Where  is  the  fun  vertical  when  it  is  five  o’clock  in 
the  morning  at  London  on  the  15th  of  May  ? 

124.  At  what  hour  does-day  break  at  London  on  the  5th 
of  April  ? 

125.  If  the  moon  be  five  days  old  on  the  firft  of  June,  at 
what  time  does  (he  rife,  culminate,  and  fet  at  London  ? » 

126.  On  what  day  of  the  month,  and  in  what  month, 
does  the  fun  rife  24  deg.  to  the  north  of  the  eaft  at  Lon- 
don ? 

127.  When  the  fun  is  rifing  to  the  inhabitants  of  London 
OB  the  8th  of  May,  where  is  it  fetting  ? 

128.  Wlien 


I 


Chap.  I.  OF  EXI-R.CISES  ON  THE  GLOBES.  327 

128.  When  the  fun  is  fetting  to  the  inhabitants  of  Cal- 
cutta on  the  1 8th  of  March,  where  is  it  midnight  ? 

129.  What  is  the  difference  between  the  circumference 
of  the  earth  at  the  equator  and  at  Peterfburg,  in  'Englirti 
miles  ? 

130.  At  what  hour  does  the  fun  rife  at  Barbadocs  when 
conftant  twilight  begins  at  Dublin  ? 

1 3 1.  When  the  fun  is  rifing  at  O’why'heeon  the  l8th  of 
May,  where  is  it  noon  ? 

132.  At  what  hour  does  the  fun  rife  at  London  when  it 
fets  at  feven  o’clock  at  Peterfburg  ? 

133.  How  high  is  the  north  polar  ftar  above  the  horizon 
of  Quebec  ? 

134.  How  many  Englifh  miles  mufl  an  inhabitant  of 
London  travel  fouthward,  that  the  meridian  altitude  of  the 
north  polar  ftar  may  be  diminifhed  25  deg.  ? 

135.  How  many  Englifh  miles  muft  I travel  weft  ward 
from  London  that  my  watch  may  be  feven  hours  too  faft  ? 

136.  What  place  of  the  earth  has  the  fun  in  the  zenith, 
when  it  is  feven  o’clock  in  the  morning  at  London,  on  the 
25  th  of  April  ? 

137.  On  what  day  of  the  month,  and  in  what  month, 
the  fun’s  amplitude  at  London  equal  to  one-third  of  • the 
latitude  ^ 

138.  On  what  month  and  day  is  the  fun’s  amplitude  at 
London  equal  to  the  latitude  of  Kingfton  in  Jamaica  ? 

239.  If  the  moon  be  three  days  old  on  the  17th  of  Fe- 
bruary, what  is  her  longitude  ? 

240.  If  the  higheft  point  of  Mont  Blanc  be  .5 101  yards 
above  the  level  of  the  fea,  what  would  be  its  altitude  on 
a globe  of  1 8 inches  in  diameter  ? 

141.  If  the  polar  diameter  of  the  earth  be  to  the  equato- 
rial aiameter  as  220  is  to  230,  what  would  the  polar  diame- 
ter of  a three  in*. ' ^globe  be,  if  conftruAed  on  this  princi- 
ple ? 

142.  What  inhabitants  of  the  earth,  in  the  courfe  of  12 
hours,  will  be  in  the  fame  fituation  as  their  antipodes  ? 

143.  On  what  day  of  the  year  at  London  is  the  twilight 
eight  hours  long  ? 

144.  At 
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144.  -At  what  time  docs  the  fun  rife  and  fet  at  London, 
when  the  inhabitants  at  the  north  pole  begin  to  have  dark 
night  ? 

14^.  At  what  hour  does  the  fun  fet  at  the  Cape  of  Good 
Hope  when  total  darknefs  ends  at  the  north  pole  ? 

146.  What  is  the  moon’s  longitude  when  full  moonliap- 
pens  on  the  5th  of  April? 

147.  Does  the  fun  ever  rife  and  fet  at  the  north  pole  ? 

* 148.  At  what  hour  of  the  day,  on  the  L5th  of  April, 

' vrill  a perfon  at  London  have  his  lhadow  the  fftortell 
poffible  ? 

149.  If  the  preceflion  of  the  equinoxes  be  50-^  feconds 
in  a year,  how  many  years  will  elapfe  before  the  conllella- 
tion  Aries  will  coincide  with  the  folftilial  colure  ? 

150.  If  the  obhquity  of  the  ecliptic  be  continually  dimi- 
nlfliing  ^t  the  rate  of  56  feconds  in  a century,  as  ftated  by 
f^veral  authors,  how  many  years  will  elapl'e  from  the  firft 
of  January  1805,  when  theobliquity  of  theecliptic  was  23 
deg.  27  min.  52.  8 fee.,  before  the  ecliptic  will  coincide  ’ 
w'ith  the  equator  ? 

1 5 1 . Required  the  duration  of  dark  night  at  the  fouth 
of  Nova  Zembla  ? 

152.  When  conftant  twilight  ends  at  Peterfburg,  whe%-e 
is  the  day  1 8 hours  long  ? 

153.  At  what  hour  dws  the  fun  fet  at  Conftantinople 
when  it  rifes  1 2 deg.  to  the  north  of  the  eaft  ? 

154.  What  is  the  difference  between  a folarand  a fiderial 
year,  and  what  does  that  difference  arife  from  ? 

155.  What  is  the  difference  between  the  length  of  a na- 
tural or  aftronomical  day  and  a fiderial  day,  and  how  does 
the  difference  arife  ? 

156.  Required  the  difference  between  the  length  of  the 
longeft  day  at  Cape  Horn  and  at  Edinburgh  ? 

157.  If  one  man  were  to  travel  eight  miles  a day  weff- 
ward  round  the  earth  at  the  equator,  and  another  two  rrtiies 
a day  weffward  round  it  in  the  latitude  of  80  deg.  north  ; 
in  how  many  days  would  each  of  them  return  to  the  place 
whence  he  fet  out  ? 

158.  If  a pole  of  18  feet  in  length  be  placed  perpendicular 
to  the  fiorizon  of  London  on  the  15th  of  July,  and  another 

exa6lly 
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exaftly  of  the  fame  length  be  placed  in  a fimilar  manner  at 
Kdinburgh,  which  will  cail  the  longer  lliadow  at  noon  ? , 

159.  If  the  moon  be  in  29  deg.  of  Leo  at  the  time  of 
new  moon,  w'hat  fign  and  degree  will  Ihe  be  in  ,when  ll\e 
is  five  days  old  ? 

160.  What  is  the  duration  of  conllant  day  or  twilight  at 
the  north  of  Spitzbergen  I 


Chapter  II. 
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Col  Us  ton  of  QtteJHoni,  nvith  References  to  the  Pages 
•where  the  Anf'wers  •witi  be  fhund  ; dejtgned  as  an  AJfJiant 
to  the  Tutor  * in  the  Examination  of  the  Student. 

I.  GREAT  CIRCLES  ON  THE  TERRESTRIAL  GLOBE.  • 


1.  TXr hat  is  a GREAT  CIRCLE,  and  how  many  are 
VV  there  drawn  on  the  terreftrial  globe  ? {^Defnition 
6,  page  3.)  ’ 

2.  What  is  the  equator,  and  what  is  its  ufe  ? {Def.  9, 

3.  VV  nat  are  the  2!“J  liov.'  mzny  sre  drawn  en 

the  terreftrial  globe  ? {Def.  page  3.) 

4.  What  is  the  firft  meridian?  {Def.  10,  page  3.) 

5.  What  is  the  ecliptic,  and  where  is  it  fituated  ? {Def. 

pages-)  , , , . , 

. 6.  What  are  the  colures,  and  into  how  many  parts  do 
they  divide  the  ecliptic  ? {Def.  42,  page  ii.) 


• Though  a reference  bo  given  to  the  pages  where  the  anfwers  to  each 
queftioii  may  be  found  ; yet,  perhaps,  it  would  be  better  for  the  iludent 
not  to  learn  the  anfwers  by  hsart,  verbatim  from  the  book  ; but  to  frame 
an  ani'wer  himfelf,  from  an  attentive  perufal  of  his  leflbn  ; by  which 
means  the  underftanding  will  be  called  into  cxercile  as  well  as  the 
memory. 


7.  What 


33® 


QUeSTiaVS  FOR  TME  EXAMINATION  PartW, 

7.  What  are  the  hour  circles  and  how  are  they  are  drawn 
cn  the  globe  ? {Dff’  50,  page  12.)  • 

8.  What  hoirr-circle  is  called  the  fix  o’clock  hour  line  ? 

[Dff.  51,  page  I2.>*  ’ . , . , , 

9.  What  are  the  azimuth  or  vertical  circles,  and  what 
is  their  ufe  ? (Z)r/.43,  page  ii.)‘ 

10.  What  is  the  prime  vertical  ? 44>  1 1.)  ■ 

I 

II.  SMALL  CIRCLES  ON  THE  TERRESTRIAL  CLOSE. 

1.  What  is  a small  cjrcle,  and  how  many  are  gene- 
ral! v drawn  on  the  terreftrial  globe  ? {Def.  7,  page  3.) 

2.  What  are  the  tropics,  and  how  far  do  they  extend  ' 
from  the  equator,  &c.  ? \Def.  15'^  page  6.) 

3.  What  are  the  polar  circles,  and  where  are  they  litu- 
ated  ? (/){/■.  16,  page  6.) 

4.  What  are  the  parallels  of  latitude,  and  how  many  ar? 
generally  drawn,  on  the  terreftrial  globe?  {Def.  17,  page 

«•) 

5.  What  circles  are  called  Almacantars  ? 39»'i 

page  to.) 

III.  GREAT  CIRCLES  ON  THE  CELESTIAL  GLOBE,  - 

1.  How  many  GREAT  circes  are  drawn  on  ahe  cclcf- 
tial  globe  ? 

2.  The  lines  of  terreftrial  longitude  are  perpendicular 
to  the  equator,  on  the  terreftrial  globe,  and  all  meet  in  the 
poles  of  the  world  ,;  to  which  great  circle  on  the  glebe  are 
the  lines  of  celeftial  longitude  perpendicular,  and -on  what 
points  of  the  globe  do  they  all  meet  ? 

3.  What  are  the  colures,  and  into  how  many  parts  do  ■ 
they  divide  the  ecliptic  ? {Def.  42,  page  J 1.)  . ' 

4.  What  is  the  equinoilial,  and  what  is  its  uf^e-?  {Dff.  c, , 

page  3-)  . . . . . ’ 

5.  What  is  the  ecliptic,  and  where  is  it  htuated  ? (/J/f. . 
11,  page  3.) 

6.  What  is  the  zodiac,  and  into  how  many  par  s is  ; 
it  divided  ? {De/.  12.  page  3.) 

7.  What; 
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7.  What  are  the  figns  of  the  zodiac,  and  how  are  they 
marked  ? {Def.  13,  page  4.) 

8.  Which  arc  the  fpring,  fummer,  autumnal,  and  win- 
ter ligns  ; and  on  what  days  docs  the  fun  enter  them  ? 
(Z)r/.  13,  page  4.) 

9.  Wliich  are  the  afcending  and  defceuding  figns  ? 
13»  P“ge4-) 


IV.  SMALL  CIRCLES  ON  THE  CELESTIAL  GLOBE. 

^ I.  How  many  small  circles  are  drawn  on  the  ce- 
Icftial  globe  i 

3.  What  are  the  tropics,  and  how  far  do  they  extend 
from  the  equinodliul  ? 15,  page  6.) 

3.  What  are  the  polar  circles,  and  where  are  they 
fituated  {Dff  16,  page  6.) 

4.  What  are  the  parallels  of  celeftial  latitude  ? {Def.  40, 
page  10.) 

5.  What  are  the  parallels  of  declination  ? {Def.  41, 
page  II.) 

V.  THE  BRASS  MERIDIAN,  AND  OTHER  APPENDAGES 
TO  THE  globes. 


1.  What  is  the  brazen  meridian,  and  how  is  it  divided 
and  numbered  ? {Def.  5,  page  2.) 

2.  What  is  the  axis  of  the  earth,  and  how  is  it  repre- 
fented  by  the  artificial  globes?  {Def.  4,  page  2.) 

3.  What  are  the  poles  of  the  world  ? {Def.  4,  page  2.) 

4.  What  are  the  hour  circles,  and  how  are  they  divided  ? 


{Def.  1 8,  page  6.) 

5.  What  is  the  horizon,  and  what  is  the  diftinftion  be- 
tween the  rational  andfenfiblc  horizon  ? {Def.  19,  20,  and 
21,  page  7 ) . 

6.  What  is  the  wooden  horizon,  and  how  is  it  divided  ? 
{Def  22,  page  7.) 

7.  What  is  the  mariner’s  compafs,  how  is  it  divided,  and 
what  is  the  ufe  of  it  on  the  globe  ? {Def  32,  33,  and  note, 

O -.TTI 

8.  What 
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8.  What  is  the  quadrant  of  altitude,  how  is  it  divided, 
and  what  is  its  ufe  ? [Def.  36,  page  10.)  . 

VI.  POINTS  ON,  AND  BELONGING  TO,  THE  GLOBES. 

1.  What  is  the  pole  of  a circle  ? ^Def.  28,  page  8.) 

2.  What  is  the  zenith,  and  of  what  circle  is  it  the  pole  ? 

26,  page  8.) 

3.  What  is  the  nadir,  and  of  what  circle  is  it  the  pole  ? 

(Df/.  27,  pages.)  , . ^ 

4.  What  are  the  cardinal  points  of  the  horizon  ? {^Def, 
23,  page  8.) 

5.  What  are  the  cardinal  points  in  the  heavens  ? 24, 

page  8.) 

6.  What  are  the  cardinal  points  of  the  ecliptic  ? {^Def. 
25,  pages.) 

7.  What  are  the  equinoftial  points  ? 29,  page  8.) 

8.  What  are  the  foHtitial  points  ? {Def.  30,  page  8.) 

9.  What  is  the  culminating  point  of  a liar,  or  of  a 
planet  ? {Def.  ^2,  page  12.) 

10.  What  are  the  poles  of  the  ecliptic,  and  how  far  are 
they  from  the  poles  of  the  world  ? 

VII.  tATlTUnl  AND  LONGITUDE  ON  THE  TERRESTRIAL 
..  GLOBE,  THE  DIVISION  OF  THF.  GLOBE  INTO  ZONES 

AND  CLIMATES,  THE  POSITIO.NS  OF  THE  SPHERE,  THE 
SHADOWS,  AND  POSITIONS  OF  THE  INHABITANTS  WITH 
RESPECT  TO  EACH  OTHER,  &C. 

1 . What  is  the  latitude  of  a place  on  the  terreftrial  globe  ? 

(Z>£/:  34,  page  9.)  . ^ , 

2.  What  is  the  longitude  of  a place  on  the  terreftrial 
globe?  Z><^. 37,  page  10.) 

3.  VHiat  is  a zone,  and  how’ many  are  there  on  the  ter- • 
reftrial  globe  ? {Def.  70,  page  19.) 

4.  What  is  the  lituation,  and  what  is  the  extent  of  the 
torrid  zone  ? {Dcf.  ji,  page  19.) 

5.  Where  are  the  two  temperate,  zones  fituated,  and; 
what  is  the  extent  of  each  ? Def.  72,  page  19.) 

H 8.  Wliefe' 
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6.  Where  are  the  two  frigid  zones  fit uated,  and  what  is. 
the  extent  of  each?  {^cf.  73,  page  19.) 

7.  What  io  a climate,  and  how  many  are  there  on  the 
globe  ? {Def.  69,  page  16.) 

8.  Have  all  places  in  the  fame  climate  the  fame  atmof- 

pherical  temperature  ? (A’o/e,  page  17.) 

9.  How'  many  different pofitions  of thefphere  are  there? 
(Z)^r  65,  page  16.) 

10.  What  is  a right  fphere,  and  what  inhabitants  of  the  ’ 

globe  have  this  pofition- ? 66>  page  16  ; fee  like- 

wife  Prob.  XXII.  page  195.) 

11.  What  is  a parallel  fphere,  and  what  inhabitants-of 

tlie  globe  have  this  pofition?  67,  page  i6‘ ; and* 

XXII,  page  195,  &c. ) 

12.  What  is  an  oblique  fpherej  and  what  inhabitants  of^ 

the  globe  have  this  pofition  ? 68,  page  16  j and  * 

Prob.  XXU.  pnge  195,  &c;)  ‘ ' 

13.  What  parts  of  the  globe  do  the  A-mthiscii  in- 
habit, and  W'by  are  they  *fo  called  ? {Def.  74,  page  19.)' 

•14.  When  do  the*  Amk Hfscii  obtain  the  name  of  As- 
cii ? ^ * 

i^.- >Whiat-part-»  of  the  globe  do  the  Hf.terosci  i*'in- 
habit,  and  why  are  they  fo  caUed  ? [Def.  75,  page  20. ) ' 

!6.  What-  parts  b f the ‘globe  do  the  Peri  sen  inhabit, 
and  why,  are  they  fociillcd  ? {-Dtff  76,  page  20^)  ‘ ‘ 

17.  What  inhabitants  are  called  Antoeci  to  each  other, 

andi.what  dp::  yo*i  obferve  vvUh.nrfpeift.*  tq.  their  latitudes, 
longitudes,  hours,  &c.  page  20.) 

18.  What  inhabitants  are  called  Perioeci  to  each  other, 
an^dAvhat  ia  obf^rved  with*ref^6f'to  theirlatitudes,*  longi- 
tudes, hours,  feafons,  &c.  ? (Def.  yS,  jinge  20.) 

19.  What  ai*e  thh' Antipodes,-  and'wlrat  is-obferved 

with  refpeijl  to^their  fefeas -of'the-yearj  8cc.  ? {Def.  79, 
page  20.^  ^ . 
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VIII.  LAT- 
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VIII.  LATITUDES  AND  LONGITUDES  OF  THE  STARS  AND 
PLANETS  ON  THE  CELESTIAL  GLOBE,  &C.  TOGETHER 
WITH  THE  POETICAL  RISING  AND  SETTING  OF  THE 
STARS,  &C. 

1.  What  is  the  latitude  of  a ftar  or  planet  ? (-Of/.  35, 

page  10. 1 

2.  Wnat  is  the  longitude  of  a ftar  or  planet  ? (-O^.  38, 
page  10.) 

3.  What  are  the  fixed  ftars,  and  why  are  they  fo  called  ? 
(De/.  88,  page  23.) 

4.  What  is  a conftellation,  and  how  many  are  there  on 
the  celeftial  globe  ? (Dif-  90,  page  23;  fee  the  tables, 

- page  24,  25,  26,  and  27.) 

y.  What  is  meant  by  the  poetical  rifing  and  fetting  of 
the  ftars  ? [Def.  89,  page  23.) 

6.  When  is  a ftar  faid  to  rife  and  fet  cofmically  ? 

7.  Wien  is  a ftar  faid  to  rife  and  fet  achronically  ? 

8.  When  is  a ftar  faid  to  rife  and  fet  heliacally  ? 

9.  What  is  the  Via  La£tea,  and  through  what  conftclla- 
tions  does  it  pafs  ? {Def.  91 , page  34. ) 

10.  What  kind  of  ftars  are  termed  Nebulous  ? {^Def.  92, 
page  34-) 

1 1 . How  are  the  ftars,  which  have  not  particular  names, 
diftinguiftied  on  the  celeftial  globe  ? {Def.  93,  page  35.) 

IX.  DEFINITIONS  AND  TERMS  COMMON  TO  BOTH  THE 

GLOBES. 

1 . What  is  the  declination  of  the  fun,  a ftar,  or  planet  ? 
(D^/.  14,  page  5.) 

2.  What  is  an  hemifphere  ? (Z)^.  31,  page  9.) 

3.  What  is  the  altitude  of  any  objeft  in  the  heavens  ? 
(£>£/■.  45,  page  II.) 

4.  What  is  the  meridian  altitude  of  the  fun,  a ftar,  or 
planet  ? 

5.  What  is  the  zenith  diftance  of  a celeftial  obje£l  ? 
(/)(/■.  46,  page  11 .) 


6.  What 
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6.  What  is  the  polar  diftance  of  a celeftial  objeA  ? {Oef. 

47,  page  n.) 

7.  What  is  the  amplitude  of  a celeftial  objeft  ? ,{Def. 

48,  page  12.) 

8.  What  is  the  azimuth  of  a celeftial  objeft  ? {Daf. 

49*  page  12;) 

9.  What  is  the  right  afcenfion  of  the  fun,  or  of  a ftar, 
&c.  ? \Def.  80,  page  20.) 

I 10.  What  is  the  oblique  afcenfion  of  the  fun,  or  of  a 
ftar,  &c.  ? {Def,  81,  page  20.) 

1 1 . What  is  the  oblique  defcenfion  of  the  fun,  or  of  a 
ftar,  &c.  ? {Def.  82.  page  21.) 

'12.  What  is  the  afcenfional  or  defcenfioaal  difference? 
^Def.  83,  page  21.) 

X.TIME  ; YEARS,  DAYS,  &C, 

1 . What  is  a folar  or  tropical  year,  and  what  is  the  length 
of  it  ? {Def.  62,  page  15.) 

2.  What  is  a fiderial  year,  and  what  is  its  duration  ? 
{'Def.  63,  page  15.) 

.3.  What  is  an  aftrooomical  day  ? 58,  page  13.) 

.4.  What  is- a mean  folar  day  ? page  13.) 

5.  What  is  a true  folar  day  ? (-0^.  56,  page  13.) 

6.  What  is  an  artificial  day  ? {Def-  59,  page  14.) 

7.  What  is  a civil  day  ? {Def.  60,  page  14  ) 

8.  What  is  a fiderial  day  ? {^Def.  6i,  pafge,i4. ) 

Qi  What  is  meant  by  apparent  noon,  or  apparent  time  ? 
page*2.) 

10.  What  is  true  or  mean  noon  ? X^rf'  54>  P^ge  13-) 

,11.  What  is.  the  equation  of  time^at  noon  ? 55> 

pgc 

! 

XI.  astronomical  and  miscellaneous 

DEFINITIONS,  &C. 

' ! 1 . What  do  you  underftand  by  the  preceffion  of  the 
fquinoxes,  arid  in  what  time  do  they  make  an  entire  revo- 
. ijultion  rouiid  the  equinodfial  ? (Z)^.  64,  page  15.) 

I 2 . What 
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2'.  What  is  the  crepufculum  or  twilight,  and  what  is  the 

caufe  of  it  ? {Def.  84,  page  21.)  ^ 

3.  What  is  refraftion,  and  whence  does  it  ante  . 

^^4.^What  is  an  angle  of  pofition,  and  in  what  dow  it  differ 
from  a bearing  by  the  mariner’s  compafs  ? ( Def.  86,  page 

^^5.^ What  ai^  ^umbs  and  rhumb-lines  ? {Def.  87,  page 

^^6  What  are  the  planets,  and  how  many  belong  to  the 

folar  fvftem  ? {Def  94  and  95,  page  36.) 

7 What  is  the  diftinaion  between  primary  and  lecond- 
aw  planets,  and  how  many  fecondary  planets  belong  to  the 

folar  fvftem  ? {Def  96,  page  3^*)  ' < \ 

8.  What  is  the  orbit  of  a planet,  {Def.  97,  page  36,)  ot 
what  figure  are  the  orbits  of  the  planets,  and  in  what  part 

of  .the  figure  is  the  fun  placed? 

‘^Q.  "What  ate  the  nodes  of  a-planet  ? {Def.  98,  page  36.) 

10.  What  are  the  different  afpeds  of  the  planets,  and  I 

how  many  are  there  ? {Def.gg,  y^gep'j.) 

11.  What  are  the  fyzygies  and  quadratures  of  the  moon  i 
'iz  When  is  a planet’s  motion  faid  to  be  direct,  ftation-- 

arv  or  retrogade  ? (Def  100,  loi,  and  102,  page  37.') 

13.  What  isa  digit  ? {Def  lOSy  page  37.) 

14.  What  is  the  dife  of  the  fun  or  moon  ? {Vef.  104, 

What  are  the  geocentric  and  heliocentric  latitudes 
and  longitudes  of  the  planets?  {Def.  105  and  106  pages;.) 
16.  When  is  a planet  faid  to  be  in  apogee  ? {Vef.  107,. 

^^fy.Hvhen  is  a planet  faid  to  be-in  perigee  ? {Def.  108, 

What  is  the  aphelion  or  higher  apfis  of  a planet’s  or- 

bit  ? (Z)f/.  109,  page  37.)  r c 

19.  What  is  the  perihelion  or  lower  apfis  01  a pianet<- 

orbit  ? (Df/.  no,  page  38.)  . 

20.  What  is  the  line  of  the  apfides?(Z)f/.  ill.  page  38.) 

21.  What  is  the  eccentricity  of  the  orbit  of  a planet : 

(Z)f/.  Hi,  page  38,)  . \ w /* 

22,.  What  18  the  elongation  of  a p|anet  ? [IJef.  117.- 

P'S'  38-) 
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23.  What  are  the  occultation  and  tranfit  of  a planet  ^ 

and  ii4,  page  38.) 

24.  What  is  the  caufe  of  an  eclipfe  of  the  fun  > ( Def 

115.  page  38.)  ‘ ' ■'* 

25.  What  is  the  caufe  of  an  eclipfe  of  the  moon?  (Def. 

116,  page38.)  ^ 

26.  What  are  the  noaumal  and  diurnal  arches  defcfibed 
by  the  heavenly  bodies  ? (^Def.  1 19  and  118,  page  38.), 

27.  What  IS  the  aberration  of  a liar?  (Z)./.i2o7page  39.) 

28.  What  are  the  centnpetal  and  centrifugal  Lees  ? 
(X^<y^i2i,  and  I22,page39.) 

29.  What  is  gravity  ? {Def.  8,  page 44.) 

30.  What  18  the  VIS  inertisofabody?  (£>£/:  9,  page  44.) 

3 1 . What  are  the  general  properties  of  matter?  (LLli  > 

32.  matter  be  divided 

33.  What  IS  motion,  and  what  is  the  diftindioh ietvvin 
abjolute  and  relative  motion  ? (page  45.) 

3+-  What  art  Sir  I.  Newton’s  three  laws  of  motion? 
(pages  4;  and  46.) 

35.  What  is  compound  motion  ? (page  47,) 

XII.  THE  SOLAR  SYSTEM  AND  THE  SUN. 

I . What  is  the  folar  fyftem  and  why  is  it  fo  called  > 

I page  126.) 

the  fpTge1?7V“'“ 

mo^'iefto  "i°>  ■“ 

ani’t  is  the  fun,  how  far  is  it  from  the  earth, 

and  what  are  its  diameter  and  magnitude  ? 

comparative^agnitude  between  the  fua 
and  tlie  earth  ? ( page  128.) 


XIII. 


OF  MERCURY. 


I. 

2 

3- 


W hat  18  the  length  of  Mercury’s  year  ? (pag»  lio.J 
What  IS  the  greateft  elongation  of  Mercury  ? 
v\  .lat  IS  the  dillance  of  Mercury  from  the  iun  ? 

« 4-’  What 
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4.  What  is  the  diameter  of  Mercury' ? (page  130.) 

5.  What  is  the  comparative  magnitude  between  Mercu- 
ry and  the  earth  ? 

6.  What  is  the  comparifon  between  the  light  and  heat 
which  Mercury  receives  from  the  fun,  and  the  light  and 
heat  which  the  earth  receives  ? 

7.  At  what  rate  per  hoar  are  the  inhabitants  of  Mer- 
cury (if  any)  carried  round  the  fun  ? {page  13 1 ) 

XIV.  OF  VENUS. 

1.  When  is  Venus  an  evening  ftar,  and  in  what  iitua- 
tion  is  file  a morning  ftar  ? (page  131.) 

2.  How  long  is  Venus  a morning  ftar  ? (page  132.) 

3.  In  how  many  days  does  Venus  revolve  round  the 
fun  ? 

4.  The  laft  tranfit  of  Venn^ver  the  fun’s  difc  happened 
in  1769,  when  will  the  next  tranfib  happen  ? 

5.  What  is  the  opinion  of  DrYlerfchel  refpefting  the 
mountains  in  Venus  ? 

6.  What  is  the  opinion  of  M.  Schroeter  on  the  fame  fub- 
je£l  ? (page  141  in  the  note.) 

7.  What  is  the  grcateft  elongation  of  Venus  ? (page  132. ) 

8.  What  is  the  diameter  of  Venus  ? (P‘^g^i33-) 

9.  What  is  the  magnitude  of  Venus  ? 

10.  What  is  the  diftance  of  Venus  from  the  fun  ? 

ir.  What  is  the  comparifon  betweeiT  the*  light  and  heat 
which  Venus  receives  from  the  fun,  and  the  light  and  heat 
which  the  earth  receives  ? 

12.  At  whabrate  per  hour  does  Venus  move  round  the 
fun  1. 

XV.  OF  THE  EARTH. 

1.  What  is  the  figure  of  the  earth  ? (page  52.) 

2.  Why  is  the  earth  reprefented  by  a globe  ? (page  5 8.) 

3.  What  proofs  have  we  that  the  earth  is  globular? 
(page  53  and  54.) 

4.  What  would  be  the  elevation  of  Chimborazo,  the 
higheft  of  the  Andes  mountains,  on  an  artificial  globe  of 
t8  inches  diameter  ? (page  54,  note.) 

5.  What  is  a fpheroid,  and  how  is  it  generated  ? 

6.  What 


Chap.  II. 


OF  THE  STUDENT. 


339 


6.  What  is  the  difference  between  the  polar  and  equato- 
rial diameters  of  the  earth  i (page  56.) 

7.  What  is  the  length  of  a degree  ? ^ 

8.  What  is  the  ufe  of  finding  the  length  of  a degree,  and 
how  can  the  magnitude  of  the  earth  be  determined  thereby  ? 
(page  57.) 

9.  Who  was  the  firft  perfon  who  meafured  the  length  of 
a degree  tolerably  accurate  ? 

10.  What  is  the  length  of  a degree  according  to  the 
French  admeafiirement  ? (note,  page  57  and  58.) 

■ 1 1.  In  what  time  does  the  earth  revolve  on  its  axis  from 
Well  to  Fall  ? (p3ge59.) 

12.  What  is  the  diameter  of  the  earth  ; what  is  its  cir- 
cumference, and  how  are  they  determined?  (p^gc  57t 
and  note. ) 

1 3 . W hat  proofs  can  you’  give  of  the  diurnal  motion  of 
the  earth  ? (page  59  and  60.) 

14.  How  do  you  explain  the  phaenomena  of  the  apparent 
diurnal  motion  of  the  fun  ? (page  60  and  61.) 

ly,  What  proofs  can  you  give  of  the  annual  motion  of 
the  earth  T (page  62.) 

16.  What  is  the  dillahce  of  the  earth  from  the  fun,  and 
how  is  it  calculated  ? (page  62,  and  note  page  63.) 

17.  At  whft  rate  per  hour  does  the  earth  travel  round 
the  fun  ? 

1 8.  At  what  rate  per  hour  arethe  inhabitants  of  the  equa- 

tor carried  from  w’elt  to  eaft'by  the'  tevolution  of  the  earth 
on  its  axis?  (page  64.)  . 

19.  How  do  you  explain  the  motion  of  tlie  earth  round 

the  fun  ? " (page  65.)  r 

20.  How  do  you  illuftrate  the  phqjBQmena  of  the  dii- 
ferent  feafons  of  the  year  ?.  (page  66  dnd  67.) 

* XVL’  OF -THE  MOON. 

1.  How  many  kinds  of  lunar  months  arc  there  .?  (page 

134.)  ^ • . / 

2.  What  is  a periodical  month  ? 

• 3 . What  is  a'fyfibdical  month' ? 

4.  When  is  the  eccentricity  of  the  moon’'s  e'lHptical  orbit 
thegreatell?  (page  135.) 

' Q a 5.  When 


_3:J-0  QUESTIONS  FOR  THE  EXAMINATIOK  Part  IW ^ 

5.  Wh|^a  the  eccentricity  of  the  moon’s  elliptical  orbit 
theleaft?  (p^gci35*) 

6.  Whether  does  the  motion  of  the  moon’s  nodes  follow, 
or  recede  from  the  order  of  the  figns  ? 

7.  In  how  many  years  do  the  moon’s  nodes  form  a com- 
plete revolution  round  the  ecliptic  ? 

8.  In  what  fpace  of  time  does  the  moon  turn  on  her  axis  I 
Wliat  is  the  libration  of  the  moon  ? (page  136.) 

10.  Is  tlie  path  of  the  moon  convex,  or  concave  towards 
the  fun  ? 

1 1 . Pleafe  to  explain  the  different  phafes  of  the  moon  i 
(pages  136,  137,  and  138.) 

12.  What  point  on  the  earth  has  a fortnight’s  moon  light 
^nd  a fortnight’s  darhnefs,  alternately  ? (page  138,  and 
i>98.) 

13.  What  IS  the  moon’s  mean  horizontal  parallax,  and  at 
what  diftance  is  (he  from  the  earth  ? (page  139  ) 

14.  What  is  the  magnitude  of  the  moon  when  compared 
with  that  of  die  earth  i 

15.  How  many  miles  is  the  moon  in  diameter? 

16.  In  how  many  days  does  the  moon  perform  her  revo- 
lution round  the  earth,  and  at  w'hat  rate  does  fhe  travel  per 
hour  ? 

17.  In  what  manner  have  aftronomers  defcribed  the  dif- 
ferent fpots  on  the  moon’s  furface  ? (page  140.) 

j8.  Have  not  aftronomers  difcovered  volcanoes,  moun- 
tains, &c.  in  the  moon?  (page  140  and  141.) 

XVII.  OT  MARS. 

1.  What  is  the  general  appearance  of  Mars?  (page 

J42.) 

2.  In  what  time  does  Mars  revolve  on  his  axis  ? 

3.  In  what  time  does  Mars  perform  his  revolution  round 
the  fun,  and  at  what  rate  does  he  travel  per  hour  ? (page 
H3-) 

4.  How  far  is  Mars  diftant  from  the  fun  ? 

5.  How  many  miles  is  Mars  in  diameter  ? 

6.  What  is  the  comparative  magnitude  between  Mars 
and  the  earth  ? 

XVIII.  OF 
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XVIII.  OF  CERES,  PALLAS,  JUNO,  AND  VESTA, 

1 . When  and  by  whom  was  the  planet  or  Afteroid  Ceres 
difcovered  ? (page  144.) 

2.  How  many  miles  is  Ceres  in  diameter  ? 

3.  'What  is  the  diilaace  of  Ceres  from  the  fun,  and 
what  is  the  length  of  her  year  ? 

4.  When  and  by  whom  was  Pallas  difcovered  ? 

5.  What  is  the  diameter  of  Pallas  in  Englilh  miles  ? 

6.  Who  difcovered  the  Afteroid’ Juno  ? 

7.  By  whom  was  Vefta  difcovered  ? 

XIX.  OF  JUPITER,  &c. 

1 . In  wliat  lltuation  is  Jupiter  a morning  ftar,  and  in  what 
Situation  is  he  an  evening  ftar  ? (page  145-) 

2.  In  what  time  does  Jupiter  revolve  on  his  axis  ? 

3.  What  are  Jupiter’s  belts  ? 

4.  In  what  time  does  Jupiter  perform  his  revolution 

round  the  fun,  and  at  wdiat  rate  per  hour  does  he  travel  ? 
(page  146.)  ^ 

5.  What  is  the  diftance  of  Jupiter  from  the  fun  r 

6.  What  is  the  diameter  of  Jupiter  in  Englilh  miles 

7.  What  is  the  comparative  magnitude  between  Jupiter 
and  the  earth  ? 

8.  What  is  the  comparifon  between  the  light  and  heat 
w'hich  Jupiter  receives  from  the  fun,  and  the  light  and  heat 
which  the  earth  receives  ? 

9.  How  many  fatellites  is  Jupiter  attended  by?  (page 

*47-) 

1 o.  By  whom  were  the  fatellites  of  Jupiter  difcovered  ? 

11.  In  what  time  do  the  refpedlive  fatellites  perform  their 
revolutions  round  Jupiter  ? (page  447.) 

12.  In  what  manner  are  the  longitudes  of  places  deter- 
mined by  the  fatellites  of  Jupiter  ? (page  148.) 

1 3 . Pleafe  to  explain  the  configuration  of  the  fatellites  of 
Jupiter  as  given  in  the  12th  page  of  the  nautical  almanac  ? 
(page  148  and  149  ) 

14.  How  was  the  progreffive  motion  of  light  difcovered  ^ 
(page  150.) 

XX.  OF.  SATURN,  &c. 

I . What  is  the  appearance  of  Saturn  when  viewed  through’ 
a telefcope  ? (j>age  150.) 
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2.  In  -w  hat  time  does  Saturn  perform  his  revolution  round 
the  fun,  and  at  what  rate  does  he  travel  per  hour  i 

3.  What  is  the  diftance  of  Saturn  from  the  fun  ? 

4.  How  many  Englilh  miles  is  Saturn  in  diameter,  aiid 
what  is  his  magnitude  compared  w'ith  that  of  the  earth  ? 
(page  151.)  - 

5.  What  is  the  comparifon  between  the  light  and  heat 
which  Saturn  receives  from  the  fun,  and  the  light  and  heat 
w'hich  the  earth  receives  ? 

6.  In  what  time  does  Saturn  revolve  on  his  axis  ? 

7.  How  many  moons  is  Saturn  attended  by,  and  by 
whom  were  they  difeovered  ? 

8.  Pray  is  not  the  7th  fatellite  the  neareft  to  Saturn, 
and,  if  fo,  why  was  it  not  called  thefiril  fatellite  ? (p^gc 

9.  What  is  the  ring  of  Saturn,  and  how  may  it  be  re- 
prefented  by  the  globe  ? (p^ge  ^S3-) 

10.  By  whom  was  the  ring  of  Saturn  difeovered  ? 

11.  In  what  time  does  the  ring  of  Saturn  revolve  round 
the  axis  of  Saturn  ? 


XXL  OF  THE  GEORGIAN  PLANET,  &C, 

1 . When  and  by  whom,  w'as  the  Georgian  planet  dif- 
eovered ?'  .(page  153.) 

2.  What' is  the  appearance  of  the  Georgian  when  viewed 
through  a telefcope  i (page  154.) 

3.  In  what  time  does  the  Georgian  planet  revolve  round 
the  fun,  and  at  wnat  rate  per  hour  does  it  travel  ? (page 

4.  What  is  the  comparative  magnitude  between  the 
Georgian  planet  and  the  Earth  ? 

5.  Plow  many  fatellites  belong  to  the  Georgian  ? 

6 By  whom  were  the  fatellites  of  the  Georgian  difeo- 
yered,  and  in  what  order  do.  they  perform  their  revolutions 
round  the  planet  ? (p^ige  155. ) 

Toi  tutor  m\ty  extend  thefe  quijiio.ts  to  Cha^.  V,  VI,  VII,  IX  and 

-V.  Paoi  I,  and  to  G.oip,  II,  Part  II  ,*  ulj'o  to  the  nta  jue^  oj  Jolvin^ 

the  different  problems,,  Itfc, 
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Chapter  III. 


A TABLE  of  the  LATITUDES  and  LONGITUDES  of  fomC 
of  the  principal  places  hi  the  world,  <with  the 
Countries  in  which  they  are  Jihiated.— N.B.  The  Longi- 

tudes are  reckoned  from  Greenwich  Observatory. 

A. 


Names  of  Places.  Country  or  Sea,  Latitudes.  Longitudes, 


Abbeville 

Aberdeen 

Abo 

Acapulco 

Achen 

Adrianople 

Adventure  Bay 

Agra 

Air 

A is 

Akerman 

Alderney  I. 

Aleppo 

Alexandretta 

Alcxandiia 

Algiers 

Alicant 

Amboyna  I. 

Amiens 

Amfterdam 

Amfterdam  I. 

Ancona 

St.  Andrew’s 

Angers 

AngouUme 

Angra 

Annapolis 

Antibes 


0 4 0 4 


France 

50  7 N. 

I 49  E. 

Scotland 

57  9 N. 

2 28  W. 

Sweden 

60  27  N. 

22  13  E. 

Mexico 

17  10  N. 

101  45  W. 

Sumatra  I. 

5 22  N. 

95  40  E. 

Turkey 

41  10  N. 

26  30  E. 

New  Holland 

43  23  S. 

147  30  E. 

Hindooftan 

26  43  N. 

76  44  E. 

Scotland  . 

54  25  N. 

4 26  W. 

F ranee 

43  32  N. 

5 26  E, 

Turkey 

46  25  N. 

30  0 E.- 

Englifti  Chan. 

49  48  N. 

2 15  W. 

Syria 

35  45  N. 

37  20  E. 

Syria 

36  35  N. 

36  14  E. 

•Egypt 

31  13  N. 

29  S5  E. 

Africa 

36  49  N. 

2 13  E. 

Spain 

38  21  N. 

0 30  w. 

Moluccas 

4 25  N. 

127  20  E. 

France 

49  53  N. 

2 18  E. 

Holland 

52  22  N. 

4 51  E. 

Pacific  Ocean 

21  9 S. 

174  46  W. 

Italy 

43  3«  N. 

13  30  E. 

Scotland 

56  21  N. 

2 49  W. 

France  . 

47  28  N. 

0 33  w. 

France 

45  39  N. 

0 9 E. 

iTercera,  A- 7 
zore  I.  J 

■ 38  39  N. 

27  12  W. 

Nova  Scotia 

44  52  N. 

64  5W. 

France 

43  35  N 

7 7 E.  ‘ 
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Antwerp 

Netherlands 

51  13  N. 

4 23  E. 

Archangel 

Ruffia 

64  34  N. 

38  58  E. 

Arran  I. 

Scotland 

55  39  N. 

5 12  W. 

Afcenfion  Il‘ 

S.  Atlantic 

7 56  S. 

14  21  W. 

Aftracan 

Ruffia 

46  21  N. 

48  8 E. 

Athens 

Turkey  Eur. 

38  5 N. 

23  52  E. 

St.  Auguftine 

Madagafcar  I.  23  35  S. 

43  8 E. 

St.  Auguftine 

Eaft  Florida 

30  10  N. 

81  34  w. 

Cape  St.  AuguftineBrazil 

8 48  S. 

35  5W. 

Ava 

Afia  • 

21  30  N. 

96  0 E. 

Cape  Ava 

Japan 

34  45  N. 

140  55  E. 

Avignon 

France 

43  57  N. 

4 48  Er 

Avranches 

France 

48  41  N. 

I 22  W. 

Babelmandel  Straits  Red  Sea 

12  50  N. 

43  45  E. 

Babylon  (Ancient) Syria 

33  0 N. 

42  46  E. 

Bagdad 

Syna 

33  20  N. 

44  24  E. 

Balafore 

Hindoo  ftan 

21  20  N, 

86  oE. 

Baltimore 

Ireland 

51  1 6 N. 

9 30  W- 

Banca  I.  (South') 
End)  1 

Indian  Ocean 

3 15  S. 

107  10 E. 

Banda  I. 

Indian  Ocean 

4 30  N. 

127  25  E. 

Banff 

Scotland 

57  41  N, 

2 31  W. 

Bantry  Bay 

Ireland 

51  26  N. 

10  10  W. 

Barbadoes  I.  I ^ -ui.  o 
(Bridgetown)  | 

Barcelona 
Bafil 

Baffe  Terre 
Baflia 
Batavia 
Bayonne 

Buffora  or  BafTora 
Beachy  Head 


Belfaft 
Belgrade 


Spain 

Switzerland 

Guadaloupe 

Corfica 

Java  I.  . ' 

France 

T urkey 

Suffex 

Ireland 

Turkey 


13  o N.  59  50  W. 

41  23  N.  2 II  E. 

47  35  N.  7 29 E. 

15  59  N.  61  54  W. 

42  42  N.  9 25  E. 

6 II  S.  106  52  E. 

43  29  N.  i 30  W. 

30  45  N.  47  oE. 

50  44  N.  o 20  E. 

54  43  N.  5 57  W. 
45  o N.  21  20  E. 

Names 
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Bencoolen 

Sumatra  I. 

3 49  S. 

102  10  E.^ 

Bergen 

Norway 

6o  24  N.  ^ 

c 20  E. 

Berwick 

Upon  Tweed 

55  47  N. 

2 5 Wi 

Befan^on 

France 

47  H N. 

6 3 E< 

Bilboa 

Spain 

43  26  N. 

3 23''^- 

Blanco  (Cape) 

Africa 

20  55  N. 

17  10  w,. 

Blois 

France 

47  35  N. 

1 20  E, 

Bologna 

Italy 

44  20  N. 

n 21  E. 

Bombay  I. 

India 

18  57  N. 

72  38  E 

Bofton 

America 

42  25  N. 

70  37  Wo- 

Botany  Bay 

New  Holland 

34  0 S. 

151  23  E.. 

Boulogne 

France 

50  43  N. 

I 37  E. 

Bourbon  I. 

Indian  Ocean 

20  52  S. 

55  30  E. 

Bourdcaux 

France 

44  CO  N. 

0 35  w.. 

Bremen 

Germany 

53  5 N. 

8 49  E. 

Breflaw 

Silelia 

51  3 N. 

17  9 E. 

Breft 

France 

48  23  N. 

4 29  W.- 

Bridlington 

Yorklhire 

54  ?N. 

O'  I W.. 

Brighthelmftone 

Suflex 

50  50  N. . 

O’  5W;. 

Briftol 

England 

51  28  N. 

2 35  w. 

Brunfvvick 

Germany 

52  30  N. 

10  24  E. 

Bruflels 

Netherlands 

50  51  N. 

4 22  E. 

Buccorefti 

T urkey 

44  27  N. 

26  8 £. 

Buda 

Hungary 

47  40  N. 

19  20  E. 

Buenos  Ayres 

S.  America 

34  35  S.  - 

58  3t  W. 

Burgos 

Spain 

42  20  N.- 

' a a<^w* 

Cadiz  or  Cales^ 

Spain 

36  31  N. 

'6  12  \V, 

Caen 

France 

49  11  No 

0 22  Wo 

Cagliari 

Sardinia  I. 

39  25  N. 

9 3^  Eo  . 

Cairo 

Egypt 

30  3 N. 

■31  21  E.. 

Calais 

France 

50  57  N. 

I 51  E. 

Calcutta 

Bengal 

22  35  N.. 

8S  29  E. 

Calinar 

Sweden 

56  40  N. 

16  22  E. 

Cambray 

Netherlands 

50  ro  N. 

3'  ^5  E. 

Cambridge 

England 

52  12  N#^. 

■ 0 4E0. 

<25 

Namct 
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Names  of  Places, 

Country  or  Sea. 

Latitudes. 

Longitudes. 

Canary  I.  j(N,E.' 

point) 

Candia 

j-  Atlantic 

28  13  N. 

0 i 

15  39  V.  . 

Candy  I. 

35  *9  N. 

25  18  E. 

Canterbury 

England 

51  18  N. 

I 5 E. 

Canton 

China 

23  8 N. 

1 13  2 E. 

Carlfcrona 

Sweden 

56  20  N. 

15  26  E. 

Carthagena 

Spain 

37  37  N. 

I 8 W. 

Carthagena 

Terra  Firma 

10  27  N. 

75  27  w. 

Caffel 

Germany 

51  19  N. 

9 35  E. 

Cavan  ' 

Ireland 

54  52  N. 

7 23  W. 

Cayenne 

I.  of  Cayenne 

; 4 56  N. 

3 41  E. 

Chandernagore 

Hindooftan 

22  51  N. 

88  29  E. 

Chartres 

France 

48  27  N. 

I 29  E. 

Cherbourg 

France 

49  38  N. 

T 37  W. 

Chriftiana 

Norw^ay 

59  55  N. 

10  48  E. 

% 

Chriftmas  Sound 

f Terra  del  7 
1 Fuego  j 

55  22  S. 

70  3 W. 

St-  Chriftopher’s 

I.Caribb.  Sea 

17  15  N. 

62  43  W. 

Civita  Vecchia 

Italy 

42  5 N. 

1 1 44  E. 

Clermont 

France 

45  47  N. 

3 5 E. 

Cochin 

India 

9 33  N. 

75  35  E. 

Colmar 

France 

48  5 N. 

7 22  E 

Cologne 

Germany 

50.  55  N. 

655  E. 

Comorin  (Cape) 

India 

7 56  N. 

78  5 E. 

Conftantinople 

Turkey 

41  I N. 

28  54  E. 

Copenhagen 

Denrr.ark 

55  41  N. 

12  35  E. 

Cork 

Ireland 

51  54  N. 

8 28  W;. 

Corvo 

Azores 

39  42  N. 

31  6W.. 

Coutances 

France 

49  I N. 

1 27  W.. 

Cracow 

Poland 

49  59  N. 

19  50  E. 

Cromartie 

Scotland 

57  43  N. 

4 9W.. 

St.  Cniz  I. 

Atlantic  Oc. 

17  49  N. 

64  53  W.. 

Cufco 

Peru 

D. 

25  S. 

73  35  Wv 

Dantzic 

Poland 

54  22  N. 

18  34  E. 

Dardanelles*  SttaitsTurkey 

4P  10  N. 

26  26  E. 
Names: 
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Country  or  Sea.  Latitudes. 
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Dartmouth 

England 

0 / 

50  21  Np 

3 42  W. 

Delhi 

Hindoo  flan 

28  37  N. 

77  40  E. 

Defeacla  I. 

Caribb.  Sea 

16  36  N. 

61  10  W. 

S.  Dennis 

Ifle  Bourbon 

20  52  S. 

55  30  E. 

Dieppe 

France 

49  55  N. 

I 4 E. 

Dingle  Bay 

Ireland 

51  55  N. 

10  40  W. 

St.  Domingo 

Caribb.  Sea 

18  20  N. 

69  46  W, 

Dort 

United  Prov, 

51  47  N. 

4 35  E. 

-Douglas 

Ille  of  Man 

54  7 N. 

4 38  W. 

Dover 

England 

51  8 N. 

j 18  E. 

Drontheim 

Norway 

63  26  N. 

10  22  E. 

Dublin 

Ireland 

53  21  N. 

6 6W. 

Dunbar 

Scotland 

56  I N, 

2 33  W. 

Dundee 

Scotland 

56  .28  N. 

2 58  W. 

Dungarvon 

Ireland 

52  0 N. 

7 50  w. 

Dungenefs 

England 

50  52  N. 

0 59  E. 

Dunkirk 

France 

51  2 N. 

2 22  E, 

Durham 

England 

54  44  N. 

1 15  W. 

Durazzo 

T urkey 

41  58  N. 

25  0 E. 

£aft  Cape 

X.. 

Neyv  Zealand  37  42  S. 

174  30  W. 

Eddyftone  light 

England 

.50  8 N. 

4 24  W. 

Edinburgh 

Scotlan<D 

55  59  JM. 

3 12  w. 

Elbmg 

Poland 

54  12  N. 

20  35 E. 

Elfinore 

Denmark 

56  2 N. 

12  37 E. 

Embden 

Gejpnany 

53  12  N. 

7 16  E. 

Embrun 

France 

44  34  N. 

6 29  -E, 

Ephefus 

Turkey  in  A& 

138  0 N. 

27  53  E. 

Erzerum 

Turkey  in  Afia39  56  N. 

48  35  E. 

Euftatia 

Caribb.  Sea 

17  30  N. 

63  14  W. 

Evreux 

France 

49  i N.  ' 

.1  9E. 

Exeter 

England'-* 

50  44  N. 

3 34  W. 

Fair  Ifland 

Orkney IflandscQ.  30  N. 

1 46  W, 

Faknouth 

England 

50  8 

5 2 w. 

ft  6 

NamSj^ 
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Falfe  Bay 

[*  Cape  of  Gooc 
Hope 

0 / 

34  10  S. 

0 

18 

33  E. 

Farewell  (Cape) 

i 

Greenland 

59  30  N. 

42 

42  W. 

Fayal  Town 

Azore  Iflands  ?8  52  N. 

28 

41  W. 

Fern  Ifland 

England 

55  3®  N* 

I 

44  W. 

Ferrara 

Itafy 

44  50  N. 

1 1 

36E. 

FerroIfland(Town 

) Canary  Ifles 

27  47  N. 

17 

46  W. 

P’errol 

Spain 

43  29  N. 

8 

15  w. 

Finifterre  (Cape) 

Spain 

42  52  N. 

9 

17  w. 

Flamborough  HeadEngland 

54  II  N. 

0 

19  E. 

Florence 

Italy 

43  46  N- 

II 

2 E. 

Flores 

Azore  Iflands 

39  34  N. 

31 

oW. 

Florida  (Cape) 

S.  America 

25  47  N. 

80 

35  W. 

Flufhing 

United  Prov. 

51  27  N. 

3 

33  E. 

N.  Foreland 

England 

51  25  N. 

1 

28  E. 

Fortaventura(  W. " 
point)  J 

- Canary  Ifles 

28  4 N. 

H 

31  w. 

Fortrofe 

Scotland 

57  40  N. 

4 

7 W. 

Foulnefs 

England 

52  57  N. 

0 

53  E. 

France  (Tfle  of) 

Indian  Ocean 

20  27  S. 

57 

16  E. 

Francois  (Cape) 

St.  Domingo 

19  46  N. 

72 

18  w. 

Francfort  (on  the' 
Main  ) 

■ Germany 

49  55  N. 

8 

35  E.  . 

Funchal 

I.  of  Madeira 

32  38  N. 

17 

6W. 

Fumeaux  Ifland 

Society  Ifles 

17  II  S. 

143 

..  7 W. 

• 

G. 

Gap 

France 

33  N. 

6 

5E. 

Galway 

Ireland 

53  N. 

10 

I W. 

Geneva 

Switzerland 

46  12  N. 

6 

0 E, 

Genoa 

Italy 

44  25  N. 

8 36  E. 

St.  George  (Town )Bermudas  I. 

32  22  N. 

64  33  W. 

Fort  St.  George 

Or  Madras 

13  5 N. 

80 

29  E. 

Ghent 

Netherlands 

51  3 N. 

3 

44  E. 

Gibraltar 

Spain 

36  5N. 

5 

22  W. 

Glafgcw 

Scotland 

55  52  N. 

4 

15  w. 

Oca  I . 

Malabar  Coaft  1 5 31  N. 

73 

45  E. 

2 

Nan.ti 
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Gomera  I. 

Canary  Ifles 

28  6 N. 

0 i 

17  8W. 

Good  Hope  (Cape)  Africa  • 

34  29  s. 

. 18  23  E. 

Goree  I. 

Africa 

14  to  N. 

17  25  W. 

Gottenburg 

Sweden 

57  42  N. 

11  39  E. 

Gottingen  ( Obfer. 

) Germany 

51  32  N. 

9 53  E. 

Granville 

France 

48  50  N. 

I 37  W. 

Graciofa 

Azore  Iflands 

39  2 N. 

27  58  W. 

Gravclines 

France 

50  59  N. 

2 7 E. 

Gratz 

Germany 

47  4 N. 

15  26  E. 

Gravefend 

England 

51  28  N. 

0 20  E. 

Greenwich  (Obf.)  England 

51  29  N. 

0 0 

Guadaloupe 

Carjbb.  I. 

15  59  N. 

6t  59  W. 

Guernfey 

Englilh  Chan.  49  30  N. 

2 52  wy 

H. 


Haerlem 
Plague 
Halifax 
Hamburg 
Hanover 
Harwich 
Hatteras  (Cape) 
Havre  de  Grace 
Havannah 
St.  Helena  (James  7 
Town)  J 

Kervey’s  I. 

La  Plogue  (Cape) 
Holyhead 
Honi  (Cape) 

Hull 


Jackfon  (Port) 
Jaffa 

Jackutlkoi 
Janeiro  (R-’o) 


United  Prov. 

52 

22  N. 

4 36  E. 

United  Prov. 

52 

4 N. 

4 U E. 

Nova  Scotia 

44 

46  N 

63  27  W. 

Germany 

53 

34  N. 

9 55  E. 

Gennany 

52 

22  N 

9 48  E, 

England 

52 

II  N. 

1 13  E. 

N,  America 

35 

12  N. 

76  5 W. 

France 

49 

29  N. 

0 6E. 

Ule  of  Cuba 

23 

12  N. 

82  18  W, 

Atlantic 

15 

55  S. 

5 49  W. 

Society  Ifles 

W 

17  S. 

• 158  48  W. 

France 

49 

45  N. 

■ I 57W, 

Wales 

53 

23  N. 

4 45  W. 

S.  America 

55  5«  S. 

67  26  W. 

England 

53  48  N. 

0 33  W. 

J and  I 

New  Holland 

33 

52  S. 

151  19 

Syria 

32 

5N, 

35'ioE,’ 

Siberia 

6z 

I N. 

129  48  E, 

Brazil 

22 

54  S. 

42  44  w. 

Names 
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Jafly 

Java  Head 
Jeddo 
JerufaFem 
Jerfey  Ifle  (St.  1 
Aubins)  J 
Tngolttadt 
Iiivernefs 
Joannah 
St.  John’s 
St.  Jofeph’s 
Iflamabad 
Ifpahan 

Jodda,  or  Gidda 
St.  Julian  (Port) 
Juan  Fernandez 


Turkey  47  8 N. 

I.  of  Java  6 49  S. 

Ifle  of  Japan  36  o N. 

Syria  31  46  N. 


Eng.  Chan. 


Germany 
Scotland 
Comora  Ifles  12 
Newfoundland  47 


49 

48 

57 


California 

Hindooilan 

Perfia 

Arabia 

Patagonia 


23 

22 

32 

21 

49 


Pacific  Ocean  33 


K. 


Kamtfchatka 

Siberia 

St.  Kilda 

Hebrides 

Kinfale 

Ireland 

Kiow 

Ruffia 

Kola 

Lapland 

Koninglberg 

Pruffia 

L. 

Ladrone  1 , ( Guam 

)Pacific  Ocean 

Eandau 

France  ' 

Laffa 

Thibet 

Landferoon 

Sweden 

Land’s  End. 

England 

Xiaufaune 

Switzerland 

Leeds 

England 

Leghorn 

Italy 

Leith 

Scotland 

Leipfic 

Germany 

Leydea 

United  Prov. 

56 

57 

51 

50 

68 

54 


13  N. 

46  N. 
36  N. 
5 S. 

92  N. 

4 N. 
20  N. 
25  N. 
29  N. 
lo  S. 
45  S. 


20  N. 
47  N. 
3 2 N. 
27  N. 
52  N. 
43  N. 


13  10  N* 

49  II  N. 
30  12  N. 

55  52  N, 

50  6 N. 
46  31  N. 
53  4^  N. 
43  33  N. 

56  o N. 

51  19  N. 

52  8 N. 


30  E. 
14  E. 
40  E. 
20  E. 


27 
105 

139 
35 
212  W. 

1 1 


4 

45 

52 


22  E. 
15  W. 
40  E. 
26, W. 
109  42  W. 
91  45  E. 
50  E. 
22  E. 
44  W. 
37  W. 


52 

39 

68 

78 


163 

8 

8 

30 

33 

21 


0 E. 
40  W. 
50  W. 
27  E. 

1 E. 

35  E. 


H3 

8 

91 

12 

5 

6 


15  E. 
?E 
20  E. 
50  E. 
54  W. 
45  E. 
34  W. 


lo  16E. 

3 II  E 
12 

4 


20  E 
28  E.- 
Names 
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Lerwick,  orLeer- 7 ol  ..i  j m .r  ° 
wick  i Ifles  6o  13  N. 


Liege 

Netherlands 

50  37  N. 

Lima 

Peru 

12  I S. 

Limerick 

Ireland 

52  22  N. 

Limoges 

Fi-ance 

45  50  N. 

Lintz 

Germany 

48  16  N. 

Lifle 

Netlierlands 

50  38  N. 

Lifbon 

Portugal 

38  40  N. 

Liverpool 

England 

53  24  N. 

Lizard 

England 

49  57  N. 

London  ( St . Paul’s 

1)  England 

51  31  N. 

Louiibourg 

fl.  of  Cape] 
) Breton 

[ 45  54  N. 

Louvain 

Netherlands 

50  53  N. 

St.  Lucia 

Caribb.  Sea 

13  24  N. 

Lunden 

Sweden 

55  42  N. 

Luneville 

France 

48  35  N. 

Luxembourg 

Netherlands 

49  37  N. 

Lynn 

England 

52  45  N. 

Lyons 

France 

45  46  N. 

M. 

Macao 

China 

22  13  N. 

Macafsar 

I.  of  Celebes 

5 9S. 

Madeira  I.  (Fun- 7 
chal)  ' 1 

- Atlantic 

32  38  N. 

Madras 

India 

13  5 N. 

Madrid 

Spain 

40  25  N. 

Mahon  (Port) 

Minorca 

39  5^  N. 

Majorca  I. 

Mediterra. 

39  35  N* 

Malacca 

India 

2 12  N. 

Malines,  orMech-7 
lin  i 

- Netherlands 

51  2 N. 

St.  Malo 

France 

48  39  N. 

Malta 

Mediterra. 

35  54  N. 

Manilla. 

Philippine  Is.^ 

14  36  N. 

351 

Longitudes  i 

0 ss  W. 

S 35  E- 
76  49  W. 

9 53  W. 

1 16  E. 

13  57  E. 

3 4E. 

9 10  W. 

3 i2  W. 

5 21  w. 
o 6 W. 

59  54  W. 

4 44  E' 

60  51  W, 
13  .2  E, 

6 30  E, 
6 12  E. 
o 23  E. 
4 49  E. 


113  46  E.  ‘ 

1 19  49  E. 

17  6W. 

80  29  E. 
312  W. 

3 48  E. 

2 30  E. 

102  5 E. 

4 29  E. 

2 2 W. 

14  28  E. 

120  53  E. 

- Namu 


I 
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Marigalante  I. 
Marfeilles 
Martinico 
Mayence  or  Mentz 
Mayo  I. 

Mecca 

Mexico 

Milan 

Minorca 

Mocha 

Modena 

Montpellier 

Montreal 

Mofcow 

Munich 


Namur 
Nancy 
Nankin 
Nantes  . 

Naples 

Narbonne 

Naze 

Nevrcaftle-upon- 
Tyne 
Niagara 
Nice 
Nieuport 
Nifmes 
Norfolk  I. 

North  Cape 
Nuremberg 


Caribb.  Sea 
France 
Caribb.  Sea 
Germany 
Cape  Verd  Is. 
Arabia 
America 
Italy 

Medditerran. 

Arabia 

Italy 

France 

Canada 

Ruflla 

Germany 

N. 


} 


O. 


15  55  N. 

43  18  N. 

14  44  N. 

49  54  N. 

15  10  N. 
21  40  N. 
19  26  N. 
45  28  N. 
39  51  N. 
13  44  N. 

44  34  N. 
43  37  N. 

45  50  N. 
55  46  N. 
48  10  N. 


Netherlands 

France 

China 

France 

Italy 

France 

Norway 

England 

I 

Canada 

France 

Flanders 

France 

N.  Holland 

Lapland 

Germany 


Ockzakow  RulTia 

Oeland  I.  ^S.cnd)  Sweden 


50  28  N. 

48  42  N. 
32  5 N. 
47  13  N. 
40  50  N. 
43  ” N. 
57  58  N. 

55  3 N. 

43  4 N. 
43  42  N. 

51  8 N. 

43  50  N. 
29  2 S. 

71  30  N. 

49  27  N. 


45  12  N. 
56  15  N. 


Longitudes, 


0 

61 

11  W. 

5 

22  E. 

61 

21  W. 

8 

20  E. 

23 

5 W. 

4* 

0 E. 

xoo 

6 W. 

9 

12  E. 

. 3 

54  E. 

44 

4 E. 

1 1 

12  E. 

3 

53  E. 

73 

II  W. 

37 

33  E. 

1 1 

30  E. 

4 46  E. 

6 10  E. 
118  46  E. 

I '34  W. 
14  17  E. 

3 o E. 

^3E. 

1 30  W. 

79  8 W. 

7 17  E. 

2 45  E.  . 

4 19  E. 
168  10  E. 

25  57  E. 

II  .4 E,. 


34  40  E. 
18  35  E. 
Names 
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Oleron  I. 

France 

46  3 N 

1 25  W. 

St.  Omer 

Netherlands 

50  45  N. 

2 15  E. 

Oporto 

Portugal 

41  10  N, 

8 27  W. 

Orbitello 

Italy 

42  32  N. 

12  7 E. 

Orleans  (New) 

Louifiana 

29  58  N. 

89  59  w. 

Ortegal  (Cape) 

Spain 

43  46  N. 

'7  39  W. 

Ofnaburg  I. 

Society  Is. 

17  52  S. 

148  6W. 

Oftend 

Netherlands 

51  14  N. 

2 56  E. 

0’why’hee(N.end.) Sandwich  Is. 

,18  54  N. 

155  45  W. 

Oxford  (obferv.) 

England 

■ P. 

Italy 

51  45  N. 

I 15  W. 

Padua 

45  14  N. 

II  52  E. 

Palermo 

Sicily 

38  10  N. 

13  43 

Palma  I. 

Canary  IflandsaS  37  N. 

1750  W. 

Panama 

Mexico 

8 48  N. 

80  21  W. 

Paris  (Obfer.) 

France 

48  50  N. 

2 20  E, 

Pegu 

India 

17  0 N. 

96  58  E. 

Petiu 

China 

39  54  N, 

1 16  27  E. 

Perigueux 

France 

45  1 1 N. 

0 43  E. 

Perpignan 

France 

42  42  N. 

2 54  E. 

Peterhead 

Scotland 

57  32  N. 

I 46  W. 

Peterlburg 

Ruflia 

59  56  N. 

30  19  E. 

Philadelphia 

America 

39  57  N. 

75  »3W. 

Pico  I. 

Azore  Is. 

38  29  N. 

28  26  W. 

Pifa 

Italy 

43  43  N. 

10  23  E. 

Plymouth 

England 

50  22  N. 

4 16  W. 

Poitiers 

France 

46  35  N, 

0 2 1 E. 

Pondicherry 

India 

II  42  N. 

79  53  E. 

Port  Glafgow 

Scotland 

55  56  N. 

4 38  W. 

Portland  (light-] 
houfe)  J 

- England 

50  31  N. 

2 27  W. 

Porto  Bello 

America 

9 33  N 

79  50  w. 

Port  Royal 

Jamaica 

18  0 N. 

76  45  w. 

Portfmouth 

England 

50  47  N. 

I 6 W. 

Prague 

Bohemia 

50  5 N. 

14  24  E, 
Names 
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Prefburg 

Providence 


Quebec 
Queda 
Quimper 
St.  Quintin 
Ouiros  (Cape) 
Quito 


Rambead 

Ramfl)y 

Ramfgate 

Ravenna 

Rennes 

Rheiins 

Rhodes  (T.  of) 

Rhode  Ifland 

Riga 

Rochelle 

Rochefter 

Rome 

Rothfay 

Rotterdam 

Rouen 

Rugen  I. 

Rye 


Salerno 
Salilburj- 
Sall  I. 
Salle 
Samana 


Hungary 

America 


48  8 N.  17  33  E 

41  51  N.  71  26  W. 


O. 


Canada 

Malacca 

France 

France 


46  55  N. 
6 15  N. 

47  58  N. 
49  51  N. 


New  Hebridesi4  56  S. 
Peru 

R. 

Cornwall 
Ifle  of  Man 
England 
Italy 
France 
France 
Archipelago 
America 
Ruflia 
France 
England 
Italy 

Ifle  of  Bute 
United  Prov, 

France 
Baltic 
England 

S. 

Italy  40  39  N. 

England  51  4 N. 

Cape  Verd  Is.  16  38  N. 
Morocco  24  10  N. 
St,  Domingo  19  15  N. 


69  53  Wi 
100  12  E. 

4 7W. 
3 17  E. 
167  20  E. 


0 

13 

S. 

77 

55 

W. 

50 

19 

N. 

4 

20 

W. 

54 

17 

N. 

- 4 

26 

w. 

51 

20 

N. 

I 

24 

E. 

44 

25 

N. 

12 

10 

E. 

48 

7 

N. 

1 

42 

W. 

49 

15 

N. 

4 

2 

E. 

35 

27 

N. 

28 

45 

E. 

41 

28 

N. 

71 

30 

W. 

57 

5 

N. 

25 

5 

E. 

46 

9 

N. 

I 

10 

W. 

51 

26 

N. 

0 

30 

E. 

41 

54 

N. 

12 

29 

E. 

55 

50 

N. 

5 

17 

W. 

51 

5^^ 

N. 

4 

28 

E. 

49 

27 

N. 

1 

5 

W. 

54 

32 

N. 

H 

30 

E. 

50 

55 

N. 

0 

44 

E. 

14  48  E. 

I 47  W. 

56  W. 

43  W. 
16W. 
Names 


22 

6 

69 
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Samarcaud 

W.  Tart  ary 

0 / 

39  45 

0 / 

63  20  E. 

Samos  I. 

Archipelago 

37  46  N. 

27  13  E. 

Sanfta  Cruz 

Teneriffe . 

28  27  N. 

16  16  W. 

Sandwich 

England 

51  19  N. 

I 15  E. 

Saratov 

Ruflia 

51  30  N. 

46  0 E. 

Savannah 

N.  America 

32  3 N. 

8 1 24  W. 

Scanderoon 

Syria 

36  35  N. 

36  14 E. 

Scarborough 

England 

54  21  N. 

0 1 8 W, 

Scaw  Light 

Denmark 

57  44  N. 

10  37  E. 

Schclling  I. 

United  Prov, 

53  17  N. 

5 7 E. 

Schirauz 

Cap.  of  Periia.  29  40  N. 

54  30  E. 

Scilly  Ifles 

Englifh  Chan.  49  56  N. 

6 46  W. 

Sedan 

France 

49  42  N. 

4 57  E. 

Senegal 

Africa 

15  53  N. 

16  21  W. 

Siam 

India 

14  18  N. 

100  50  E. 

Smyrna 

Natolia 

38  28  N. 

27  20  E. 

Southampton 

England 

50  55  N. 

I 5 

Start  Point 

England 

50  9 N. 

3 51  W. 

Stockholm 

Sweden 

59  21  N. 

18  4 E. 

Stockton 

England 

54  41  N. 

I 9 W. 

Stralburg 

France 

48  5 N. 

7 45  E, 

Stralfund 

Germany 

54  23  N. . 

14  JoE. 

Suez 

Africa 

29  50  N. 

33  27  E. 

Surat 

India 

21  10  N. 

72  22  E. 

Surinam 

S..  America 

6 30  N. 

55/30  w. 

Swanfea 

Wales 

51  40  N. 

4 30  W. 

Syracufe 

Ifle  of  Sicily 

37  4N. 

15  31  E- 

Tamarin  Town 

X • \ ‘ 

Ifle  of  Socotrai2  ,30  N. 

53  9 E. 

Tangier 

Cft  of  Barbary35  55  N. 

5 45  W . 

Tarento 

Italy 

40  ^3  N. , 

17  3 ' E. 

Tenedos  I. 

Archipelago 

39  57  N. 

26  i'4E. 

Tcnerifte  (Peak) 

Canary  IflandszS  13  N. 

16  29  W. 

Terccra  I. 

Azore  Iflands  38  45  N. 

27  6 W. 

Texel  I.  ' 

UnitedProv. 

53  Jto  N. 

■'4'59  E. 

Thiouviile 

France 

49  ezi  N. 

,6  10  E. 

Names 

THE  LATITUDES  AND 
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Names  of  Places. 

Tobolflc 

Tobago  I. 

Toledo 

Tomflc 

Torbay 

Tornea 

Touloufe 

Triefte 

T rincomale 

Tripoly 

Troyes 

T uriii 


UHatcah 

Upfal 

Uraniburgh 

Ufliant  I. 

Valenciennes 

Valencia 

Vannes 

Venice 

Vera  Cruz 

Verd  (Cape) 

Verdun 

Verona 

Verfailies 

Vienna  (Obfer.) 

Vigo 

Vincent  (Cape) 
Vintimiglia 
Virgin  Gorda 


Wakefield 

Wardhuys 


THE  LATITUDES  AND  PartVl , 

Gountry  or  Sea.  Latitudes,  Longitudes’.  \ 


Siberia 
Caribb.  Sea 


Spam 


58 

1 1 

. 39 

Siberia  ^6 

Englifh  Chan.  50 
I.apland  65 


France 


43 


Adriatic  Sea  45 
Ifle  of  Ceylon  8 
Barbary  ^ 2 
France  48 

Piedmont  4^ 

U&  V. 

Society  Iflandsi  6 
Sweden  ^9 
Denmark  5^ 
Coaft  ofFrancc48 


France 
Spain 
France 
Italy 
Mexico 
Africa 
France 
Italy 
France 
Auftria 
Spain 
Spain 
Italy 

Weft  Indies 


50 

39 

47 
45 

19 

*4 

49 

45 

48 
48 

42 
37 

43 
18 


12  N. 
15  N. 

50  N. 
30  N. 

33  N. 

51  N. 
36  N. 
51  N. 
32  N. 
54 'N. 
18  N. 

4 N. 


45  S. 

52  N. 

54  N. 
28  N. 
21  N. 
30  N. 

39  N. 
26  N. 
12  N. 

45  N. 
9 N. 
26  N. 
48  N. 
12  N. 
14  N. 
3 N. 

53  N. 
18  N. 


W. 


England 

Lapland 


53  4 1 N. 
70  23  N. 


0 

68 

25  E. 

60 

27  V/. 

3 

0 

84  59  E. 

3 

42  W. 

24 

12  E. 

1 

26  E. 

14 

3L. 

81 

II  E. 

13 

5E. 

4 

5E. 

7 

40  E. 

15 1 

31  w,. 

17 

42  E. . 

12 

52  E. 

5 

4 w; 

3 

32  E.. 

o 40 
2 46 
12  4 
97  30 
*7  33 

5 n 
II  18 

2 7 
16  16 
8 28 
8 59 

7 37 
04  o 


31 


33 

7e: 

Namt\ 


Chap.  IH.  LONGITUDES  OP  PLACES. 


Names  oj  Places.  Country  or  Sea.  Latitudes. 


Varfaw 
^adiington 
Wexford 
^eymouth 
Whitehaven 
nina 
Wittenburg 
'^orcefter 
Wurtzburg 
Wyburg 


armoHth 

ork 

ork  (New) 
ougliall 


Poland  ^2  14  N. 

N.  America  38  53  N. 

Ireland  ^2  22  N. 

England  52  40  N. 

England  54  2 c N. 

Poland  54  41  N. 

Germany  51  53  N, 

England  52  9 N, 

Gennany  49  46  N. 

RufTia  60  55  N. 

Y. 

England  52  55  N. 

England  ^ 53  59  N. 

N.  /America  40  43  N. 

Ireland  51  48  N. 
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Longitudes. 

o 4 

21  o E 

77  43  W. 
6 30  W. 

2 34  W. 

3 2 3 w. 
25  27  E. 
12  ^44  E. 

2 o W. 
10  14  E. 
30  20  E, 


I 40  E. 

I 7W. 
74  10  W 

8 6W‘ 

• 
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/Vn  Alphabetical  List  of  tht  CoNSTELLATiONSwiththe 
Right  Ascension  (R)  andDECLiNATioN  (D)  of  the 
MiDDLEOF  EACH,forthe ready  findingthem  011  theGlobe. 

N.B.  The  Roman  charafters  in  tlie  left  hand  columns  refbr  to  tables  I’’ 
II,  III,  IV,  V,  VI,  and  VII,  at  pages  24,  25,  26,  and  27,  wliere  the 
Englilh  names  of  the  conftellations  are  given,  together  with  the  number 
of  ftars  in  each,  and  the  names  of  the  princii>al  Itars  : The  letter  N or 
S,  immediately  following  the  name  of  the  conftcUation,  (hews  whether  it 
be  north  or  fouth  of  the  zodiac;  if  the  conftellation  be  fituated  in  the  zodiac 
it  has  the  letter  Z annexed  to  it.  N and  S in  the  column  marked  D,  point 
.out  whether  the  middle  of  the  conftellation  has  north  or  fouth  declination 


in. 

Andromeda,  N. 

II. 

Antinbus,  N. 

• 

• 

VII. 

Apus,  vel  Avis  Indica  S. 

• 

I. 

Aquarius.  Z. 

• 

• 

ij. 

Aquila.  N. 

- 

• 

VII. 

Ara.  S.  *• 

I. 

Aries.  Z. 

• 

Vll. 

Argo  Navis.  S. 

. 

• 

• 

III. 

Afterfon  et  Chara. 

N. 

IV. 

Auriga.  N. 

IK. 

Bootes.  N. 

• 

VI. 

Brandenburgium  Sccptrum. 

s. 

IV. 

Cameleopardaliis. 

N. 

«•  • 

I. 

Cancer.  Z. 

• 

• 

VI. 

Canis  Major.  S. 

V 

Canis  Minor.  S. 

* 

» I. 

Capricornus.  Z. 

• 

• 

IV. 

Caput  Medufe. 

• 

• 

• 

IV. 

Cafliopeia,  N. 

* 

VII. 

Centaurus.  S. 

IV. 

Cepheus  N. 

V. 

Cetus.  S 

III. 

Cerberus.  N. 

VII. 

Chama-leon. 

VII. 

Circinus,  ,S. 

VI. 

Columba  Noachi. 

S. 

III. 

Coma  Berenices. 

N. 

IV. 

Cor  Caroli.  N. 

VII. 

Corona  Auftr.ilis. 

S. 

_ 

III. 

Corona  Borealis. 

N. 

VI. 

Corvus.  S. 

VI. 

Crater.  S. 

VII. 

Crux.  S. 

IV. 

Cygmis  N. 

III. 

Delphintis.  N. 

VII 

Dorado  or  Xiphias 

. s. 

* 

IV. 

Draco.  N. 

- 

- 

- 

R. 

D. 

- 

14 

34  N. 

- 

292 

0 

- 

252 

75  S. 

- 

335 

4 S. 

- 

295 

8 N. 

- 

^55 

55  S. 

- 

30 

22  N. 

- 

1 15 

JO  S. 

• 

200 

40  N. 

- 

75 

45  N. 

- 

212 

20  N. 

- 

67 

15  s. 

- 

68 

70  N. 

128 

20  N. 

• 

105 

20  S' 

- 

no 

5 N. 

- 

310 

20  S 

- 

44 

40  N. 

- 

12 

60  N. 

- 

200 

50  s. 

- 

338 

65  N. 

- 

^5 

12  S. 

- 

271 

22  N. 

- 

175 

78  S. 

- 

222 

64  s. 

85 

35  S. 

- 

185 

26  N. 

- 

191 

39  N. 

- 

278 

40  S. 

- 

2.35 

30  N. 

- 

285 

15  s. 

- 

168 

15  S. 

- 

*8.3 

60  s. 

- 

308 

42  N. 

- 

3c8 

15  N. 

- 

75 

62  S. 

*•  ‘ 

270 

66  N. 

% 


V 


In' 
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II. 
jVIJ. 
! V. 

; VI. 
' I. 

I VII. 
: HI. 

I VII. 
: V 
I VII. 
! VII. 
IV. 

I. 


III. 
VI. 
I. 
VII 

IV. 
III. 
VI. 

VI. 

V, 

II. 

VII 

III. 

VII. 

VIII 
VII. 

p: 

III. 

IV. 
IVII. 

.1. 

VI. 

ivil. 

VII. 
VI. 

[VII. 

IVII. 

I. 

III. 

V. 

I. 


Equulus.  N.  - 
Equalens  Pictorius.  S. 
Eridanus.  S.  - - 

Fornax  Chemica.  S. 

Gemini.  Z.  - 

Grus.  S.  - 

Hercules.  N.  - - 

Horologium.  S, 

Hydra.  S.  - 
Hydros.  S. 

Indus.  S.  • > 

Lacerta.  N. 

S Leo,  or  > 

^ Leo  Major.  Z.  ^ 

Leo  Minor.  N.  - 
Lepus.  S. 

Libra.  Z.  . . 

I.upus.  S.  - _ 

Lynx.  N.  - 

Lyra.  N.  - . 

Machina  Pneumatica.  S. 
Microfcopiiim.  S.  ' ' * - 
Monoceros.  S.  - - 

Mons  Masnalus.  N.  « 

Mons  Menfs.  S. 

Mufca.  N. 

Mufca  Aiiftralis,  vel  Apis.  S. 
Norma,  *vel  quadra  Euclidis.  S. 
Oilans  H.adleiamis.  S. 

Oflicina  Sculptoria.  S. 

Orion.  S.  - . 


Pnvo.  S.  - 
Pegafus.  N.  - « 

Perfeus.  N.  _ . 

Phosnix.  S. 

Plfces.  Z.  - . 

Pilcis  notius,  vel  Auftralis.  S 
Pifces  vol.ms.  S. 

Praxiteles,  vel  cela  Sculptoria. 
Pyxis  Nautica.  S. 

Reticulus  Rhomboidalis.  S. 
Robur  Carol].  S. 

Sagittarius.  Z. 

Sagitta.  N.  - 
Sextans.  S.  - 

Scorpio.  Z.  - - 


R. 

1).  t 

- 

- 

316 

5 N. 

- 

- 

«4 

5S  8 

- 

- 

60 

10  S. 

- 

- 

42 

30  S. 

- 

III 

32  N. 

- 

- 

330 

45  s. 

- 

- 

255 

22  N.. 

- 

- 

40 

60  s. 

• 

239 

8 S.- 

- 

28 

68  S. 

- 

- 

*3i.J 

55  S. 

- 

33<5- 

43  N 

- 

- 

250 

15 -N 

- 

I.P 

35  N. 

• 

- 

86 

18  S. 

- 

226 

8 S. 

* 

230. 

45  S , 

- 

• 

.Ill' 

- 

- 

283 

38  N. 

- 

- 

150 

32  S. 

- 

- 

315 

35  S. 

- 

- 

no 

0 

- 

- 

225 

5 N. 

- 

- 

76 

72  S. 

- 

- 

40 

27  N. 

- 

183 

68  S. 

• 

242 

45  S. 

- 

- 

3IO 

8q  S. 

. 

• 

..  3 

38  .s. 

m 

80 

0 

' - 

- 

302 

68  S. 

- 

- 

340 

r4-"N. 

- 

- 

46 

49  N. 

- 

- 

50  S. 

- 

■ S 

10  N. 

- 

' * 

335  ’ 

30  S. 

- 

127 

58  S 

- . 

- 

68 

|o  S. 

- 

1.30 

JO  S. 

- 

‘ 

62 

52  S. 

- 

- 

259 

JO  S. 

- 

- 

285 

15  S. 

- 

- 

295 

[8  N. 

- 

- 

5 

0 

- 

- 

244 

16  S 

r 

# ,r 

r 
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II. 

Scutum  Sohielki.  N.  - - 

. 

R. 

i75 

JD. 
10  S. 

II. 

.Serpens.  N.  - 

- 

a. 15 

10  N. 

II. 

Scrpentarius.  N.  . - 

- 

260 

13  N. 

I. 

Taurus.  Z.  - 

• 

65 

i6  N. 

11. 

Taurus  Poniatowski.  N.  - 

- 

a 75 

7 N. 

VII. 

Telefcopium.  S.  - - 

. 

278 

50  S. 

VII 

Touchan.  S. 

. 

359 

66  S. 

III. 

Triangulum.  N.  - - 

- 

27 

32  N 

III. 

Triangulum  Auftrales.  S.  - 

- 

^38 

65  S. 

VII 

Triangulum  Minus.  N.  - 

- 

22 

28  N. 

IV. 

Urfa  Major.  N.  - - 

- 

153 

60  N. 

IV. 

Urfa  Minor.  ' N.  - 

- 

*35 

n N. 

I. 

Virgo.  Z.  - - 

- 

195 

5 N. 

III. 

Vulpecula  et  Anfer.  N.  - ^ 

- 

300 

25  N. 

VII. 

Xiphias.  S.’  - - 

75 

62  S. 

FINIS. 


In  the  prefsy  and  fpeedlly  nuill  be  puhlijbed. 

The  Elements  of  Plane  Geometry,  compre- 
hending the  firft  Six  Books  of  Euclid,  from  the 
text  ofDr.  SiMSON,  with  notes  critical  and  explanatory, , 
To  which  will  be  added  Book  VII.  containing  feveralil 
important  propofitions,  not  to  be  found  in  Euclid,  andf 
Book  VlIK  confifting  oIPractical  Geometry.  if 

The  whole  explained  in  an  eafy  and  familiar  manner,  f«r*- 
the  inftruftion  of  youth.  i 

/‘■J  deux  diles  dAi 

Mathematlques. 

Lagrange.'  , 

• ’! 

. Strahah  and  Prefton,  .J 

Tnators-Strect,  London. 
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